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ROBERT  DRUMMOND,  PRINTER,   NEW  YORK. 


PREFACE. 


The  remarkable  advance  in  the  Science  of  Mineralogy,  during  the 
that  have  elapsed  since  this  Text-Book  was  first  issued  in  1877,  has  mi 
necessary,  in  the  preparation  of  a  new  edition,  to  rewrite  the  whole  as  w 
to  add  much  new  matter  and  many  new  illustrations. 

The  work  being  designed  chiefly  to  meet  the  wants  of  class  or  pi 
instruction,  this  object  has  at  once  determined  the  choice  of  topics  disci 
the  order  and  fullness  of  treatment  and  the  method  of  presentation. 

In  the  chapter  on  Crystallography,  the  different  types  of  crystal  forn 
described  under  the  now  accepted  thirty-two  groups  classed  according  to 
symmetry.  The  names  given  to  these  groups  are  based,  so  far  as  pot 
upon  the  characteristic  form  of  each,  and  are  intended  also  to  sugges 
terms  formerly  applied  in  accordance  with  the  principles  of  hemihed 
The  order  adopted  is  that  which  alone  seems  suited  to  the  demands  o 
elementary  student,  the  special  and  mathematically  simple  groups  o 
isometric  system  being  described  first.  Especial  prominence  is  given  t 
"normal  group"  under  the  successive  systems,  that  is,  to  the  group  wh 
relatively  of  most  common  occurrence  and  which  shows  the  highest  deg 
symmetry.  The  methods  of  Miller  are  followed  as  regards  the  indices  < 
different  forms  and  the  mathematical  calculations. 

In  the  chapters  on  Physical  and  Chemical  Mineralogy,  the  plan  o 
former  edition  is  retained  of  presenting  somewhat  fully  the  elementary 
ciples  of  the  science  upon  which  the  mineral  characters  depend ;  this  U 
ticularly  true  in  the  department  of  Optics.  The  effort  has  been  made  tc 
the  student  the  means  of  becoming  practically  familiar  with  all  the  m 
methods  of  investigation  now  commonly  applied.  Especial  attentic 
therefore,  given  to  the  optical  properties  of  crystals  as  revealed  by  the  n 
scope.  Further,  frequent  references  are  introduced  to  important  pape 
the  different  subjects  discussed,  in  order  to  direct  the  student's  attenti 
the  original  literature. 

The  Descriptive  part  of  the  volume  is  essentially  an  abridgment  c 
Sixth  Edition  of  Dana's  System  of  Mineralogy,  prepared  by  the  author  (1 
To  this  work  (and  future  Appendices)  the  student  is,  therefore,  referri 
fuller  descriptions  of  the  crystallographic  and  optical  properties  of  specie 
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analyses,  lists  of  localities,  etc. ;  also  for  the  authorities  for  data  here  quoted. 
In  certain  directions,  however,  the  work  has  been  expanded  when  the  interests 
of  the  student  have  seemed  to  demand  it;  for  example,  in  the  statement  of 
the  characters  of  the  various  isomorphous  groups.  Attention  is  also  called  to 
the  paragraph  headed  "  Diflf.,"  in  the  description  of  each  common  species,  in 
which  are  given  the  distinguishing  characters,  particularly  those  which  serve 
to  separate  it  from  other  species  with  which  it  might  be  easily  confounded. 

The  list  of  American  localities  of  minerals,  which  appeared  as  an  Appen- 
dix in  the  earlier  edition,  has  been  omitted,  since  in  its  present  expanded  form 
it  requires  more  space  than  could  well  be  given  to  it;  further,  its  reproduc- 
tion here  is  unnecessary  since  it  is  accessible  to  all  interested  not  only  in  the 
System  of  Mineralogy  but  also  in  separate  form.  A  full  topical  Index  has 
been  added,  besides  the  usual  Index  of  Species. 

The  obligations  of  the  present  volume  to  virell-known  works  of  other 
authors — particularly  to  those  of  Groth  and  Rosenbusch — is  too  obvious  to 
require  special  mention.  The  author  must,  however,  express  his  gratitude  to 
his  colleague.  Prof.  L.  V.  Pirsson,  who  has  given  him  material  aid  in  tlie  part 
of  the  work  dealing  with  the  optical  properties  of  minerals  as  examined  under 
the  microscope.  He  is  also  indebted  to  Prof.  S.  L.  Penfield  of  New  Haven 
and  to  Prof.  H.  A.  Miers  of  Cambridge,  England,  for  various  valuable 
suggestions. 

New  Haven,  Conn.,  Aug.  1, 1898. 
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INTRODUCTION. 


1.  The  science  of  Mineralogy  treats  of  those  inorganic  species  called 
tniuerals,  which  together  in  rock  masses  or  in  isolated  form  make  up  the 
material  of  the  crust  of  the  earth,  and  of  other  bodies  in  the  universe  so  far 
as  it  is  possible  to  study  them  in  the  form  of  meteorites. 

2.  Definition  of  a  Mineral. — A  Mineral  is  a  body  produced  by  the  processes 
of  inorganic  naiure,  having  a  definite  chemical  composition  and,  if  formed 
under  favorable  conditions y  a  certain  characteristic  molecular  structure  which, 
is  exhibited  in  its  crystalline  form  and  other  physical  properties. 

This  definition  calls  for  some  further  explanation. 

First  of  all,  a  mineral  must  be  a  homogeneous  substance,  even  when^ 
minutely  examined  by  the  microscope;  further,  it  must  have  a  definite 
chemical  composition,  capable  of  being  expressed  by  a  chemical  formula. 
Thus,  much  basalt  appears  to  be  homogeneous  to  the  eye,  but  when  examined 
under  the  microscope  in  thin  sections  it  is  seen  to  be  made  up  of  different, 
substances,  each  having  characters  of  its  own.  Again,  obsidian,  or  volcania 
glass,  though  it  may  be  essentially  homogeneous,  has  not  a  definite  composition 
corresponding  to  a  specific  chemical  formula,  and  is  hence  classed  as  a  rock^ 
not  as  a  mineral  species.  Further,  several  substances,  as  tachylyte,  hyalome- 
lane,  etc.,  which  at  one  time  passed  as  minerals,  have  been  relegated  to 
petrology,  because  it  has  been  shown  that  they  are  only  local  forms  of  basalt, 
retaining  an  apparently  homogeneous  form  due  to  rapid  cooling. 

Again,  a  mineral  has  in  all  cases  a  defitiite  molecular  structure,  unless  the 
conditions  of  formation  have  been  such  as  to  prevent  this,  which  is  rarely  true. 
This  molecular  structure,  as  will  be  shown  later,  manifests  itself  in  the  physical 
eiiaracters  and  especially  in  the  external  crystalline  form. 

It  is  customary,  as  a  matter  of  convenience,  to  limit  the  name  mineral  to 
those  compounds  which  have  been  formed  by  the  processes  of  nature  alone, 
while  compounds  made  in  the  laboratory  or  the  smelting-furnace  are  at  most 
called  artificial  minerals.  Further,  mineral  substances  which  have  been 
produced  through  the  agency  of  organic  life  are  not  included  among  minerals, 
as  the  pearl  of  an  oyster,  the  opal-silica  (tabasheer)  secreted  by  the  bamboo, 
etc.  Finally,  mineral  species  are,  as  a  rule,  limited  to  solid  substances;  the 
only  liquids  included  being  metallic  mercury  and  water.  Petroleum,  or 
mineral  oil,  is  not  properly  a  homogeneous  substance,  consisting  rather  of 
several  hydrocarbon  compounds;  it  is  hence  not  a  mineral  species. 

It  is  obvious  from  tne  above  that  minerals,  in  the  somewhat  restricted 
sense  usually  adopted,  constitute  only  a  part  of  what  is  often  called  the 
Mineral  Kingdom. 
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S  INTRODUCTION. 

3.  Scope  of  Mineralogy. — In  the  following  pages,  the  general  subject  of 
Mineralogy  is  treated  under  the  following  heads: 

(1)  Crystallography, — This  comprises  a  discussion  of  crystals  in  general 
and  especially  of  the  crystalline  forms  of  mineral  species. 

(2)  Physical  Mineralogy, — This  includes  a  discussion  of  the  physical 
characters  of  minerals,  that  is,  those  depending  upon  cohesion  and  elasticity, 
density,  light,  heat,  electricity,  and  so  on. 

(3)  Chemical  Miiieralogy, — Under  this  head  are  presented  briefly  the  gen- 
eral principles  of  chemistry  as  applied  to  mineral  species;  their  characters  as 
chemical  compounds  are  described,  also  the  methods  of  investigating  them 
from  the  chemical  side  by  the  blowpipe  and  other  means. 

(4)  Descriptive  Mineralogy, — This  includes  the  classification  of  minerals 
and  the  description  of  each  species  with  its  varieties,  especially  in  its  relations 
to  closely  allied  species,  as  regards  crystalline  form,  physical  and  chemical 
characters,  occurrence  in  nature,  and  other  points. 

4.  Literature. — Reference  is  made  to  the  Introduction  to  the  Sixth  Edition 
of  Dana's  System  of  Mineralogy,  pp.  xlv-lxi,  for  an  extended  list  of  inde- 
pendent works  on  Mineralogy  up  to  1892;  the  names  are  also  given  of  the 
many  scientific  periodicals  which  contain  original  memoirs  on  mineralogical 
subjects.  For  the  convenience  of  the  student  the  titles  of  a  few  works,  mostly 
of  a  general  character,  are  given  here.  Further  references  to  the  literature 
of  Mineralogy  are  introduced  through  the  first  half  of  this  work,  particularly 
at  the  end  of  the  sections  dealing  with  special  subjects. 

CrysUtllography  and  Physical  Mineralogy. 

Early  works*  include  those  of  RomS  de  lisle,  1772;  HnQy,  1822;  Neumann,  Ery- 
«ta1lonomie,  1828,  and  Erystallographie.  1825:  Eupffer,  1825;  Grassmann,  Erystallonomie 
1829;   Naumann.    1829  and  later;    Quenstedt,   1846  (also  1878);    Miller,  1889  and  1868 
Grailich,  1856;  Eopp,  1862;  von  Lang,  1866;  Bravuis,  Alludes  Crist.,  Paris,  1866  (1849) 
Schrauf,  1866-68;  UoseSadebeck,  1878. 

Recbkt  works  include  the  following: 

Bauerman.    Text  Book  of  B^tematic  Mineralogy,  1881. 

Qoldachmidt.  Index  der  Krystallformen  der  Mineralien;  8  vols.,  1886-91.  ^Iso 
Anwendung  der  Linearprojection  zum  Berechnen  der  Erystalle.  1887. 

Oroth.  Physikaliscbe  Erystallographie  und  Einleitung  in  die  krystallographische 
Kenntniss  der  wichtigeren  Substanzen,  1876.     8d  ed..  1894-95. 

Klein.     Einleitung  in  die  Erystallberechnung,  1876. 

Liebiach.     Geometrische  Erystallographie,  1881.   Physikaliscbe  Erystallographie,  1891.. 

Mallard.     Traite  de  Cristallographie  geometiique  et  physique;  vol.  1, 1879;  vol.  2. 1884 

Sadebeck.     Angewandte  Erystallographie  (Rose*s  Erystallographie,  II.  Band),  1876. 

Sohncke.     Entwickelnng  einer  Theorie  der  Erystallstruktur,  1879. 

Story-Maakelyne.     Crystallography:  the  Morphology  of  Crystals,  1895. 

Websky.  Anwendung  der  Linearprojection  zum  Berechnen  der  Erystalle  (Hose's 
Erystallographie  HI.  Band).  1887. 

Williams.     Elements  of  Crystallography,  1890. 

Wiilfing.  Tabellarische  Uebersicht  der  einfachen  Formen  der  82  krystallographischrm 
Symmetriegruppen.  etc.,  1895. 

In  Physical  Mineralogy  the  most  important  treneral  works  are  those  of  Schranf 
<1868),  Groth  (1876-1895),  Mallard  (1884),  Liebisch  (1891),  mentioned  in  the  above  list;  also 
llosenbiisch,  Mikr.  Physiographie,  etc.  (1892).  In  addition  to  these  (to  which  might  be 
added  the  names  of  some  general  works  on  Physics)  memoirs  of  especial  importance  on  the 
different  subjects  are  enumerated  in  many  cases  at  the  end  of  the  respective  sections  of 
this  work. 

*The  full  titles  of  many  of  these  are  given  in  pp.  li-lxi  of  Dana's  System  of  Miner- 
alogy. 1892. 
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General  Mineralogy, 

Of  the  many  works,  a  knowledge  of  wbicb  is  needed  by  one  wbo  wishes  a  full  acquaint- 
4ince  with  the  historical  development  of  Mineralogy,  the  following  are  particularly 
important.  Very  early  works  include  those  of  Theophrastus,  Pliny,  Linnaeus,  Wallerius, 
Cronaledt,  Werner,  Bergraann,  Klapn)tb. 

Within  the  nineteenth  century:  HaQy's  Treatise,  1801,  1822:  Jameson,  1816,  1820; 
Werner's  Letztes  Mineral- System,  1817;  Cleaveland's  Mineralogy,  1816,  1822;  Leonhard's 
Handbuch,  1821,  1826;  Mohs's  Min.,  1822;  Haidinger's  translation  of  Mobs.  1824;  Breit- 
haupt's  Charakteristik,  1820,  1823,  1832;  Beudant's  Treatise,  1824,  1882;  Phillips's  Min., 
1823.  1837;  Shepnrd's  Min.,  1832-36.  and  later  editions;  von  Kobell's  Grundzage,  1888; 
3Iohss  Min.,  1839;  Breitbaupt's  Min.,  1836-1847;  Haidinger's  Handbuch,  1845;  Naumann's 
Min..  1846  and  later;  Huusmann's  Handbuch,  1847;  Dufrenoy's  Min..  1844-1847  (also 
1856-1859);  Brooke  &  Miller,  1852;  J.  D.  Dana's  System  of  1837,  1844,  1850,  1854,  1868. 

More  Recent  Works  are  the  following: 

Bauer.     Lehrbuch  der  Mineralo^e,  1^. 

Baaerman.     Text-Book  of  Descriptive  Mineralogy,  1884. 

Baumhauer.     Das  Reich  der  Krystalle,  1889. 

Blum.    Lehrbuch  der  Mineralogie.  4th  ed.,  1873-1874. 

Dana.  B.  8.  Dana's  System  of  Minernloey,  6th  ed..  New  York,  1892.  Also  (elemen- 
tary) Minerals  and  How  to  study  them,  New  York,  1895. 

Dana,  J.  D.    Manual  of  Mineralogy  and  Petrography,  4th  ed.,  New  York,  1887. 

Des  Oloizeaoz.  Manuel  de  Mineralogie;  vol.  1,  1862;  vol.  2,  ler  Fasc.,  1874; 
2mu.  1893. 

Oroth.  Tabellarische  Uebersicht  der  Mineralien,  1874;  8d  ed.,  1889:  4th  ed.,  1898. 
Die  Mineralien-Sammlunir  der  Uuiversitflt  Strassburg.  1878. 

Hintze.  Handbuch  der  Mineralogie,  vol.  2  (Silicates  and  Titanates),  Leipzig,  1889^ 
1897. 

Lacroiz.     Mineralogie  de  la  France  et  de  ses  Colonies.  2  vols.,  1893-96. 

Lnedecke.     Die  Minenile  des  Harzes,  1896. 

Koksharov.  Materiulen  zur  Mineralogie  Russlands,  St.  Petersburg;  vol.  1,  1853-54; 
Tol.  10,  1888-91. 

Konz.     Gems  and  Precious  Stones  of  North  America,  1890. 

Sohrauf.     Atlas  der  Erystall-Formen  des  Mineral  reaches,  4to,  vol.  1,  A-C,  1865-1877. 

Tschermak.     Lehrbuch  der  Mineralogie,  1884;  5th  ed.,  1897. 

Weiabach.     Synopsis  Mineralogica,  svstematische  Uebersicht  des  Mineral reiches,  1876. 

Zirkel.     18th  edition  of  Naumann's  Mineralogy,  Leipzig,  1897. 

Wiilfing.  Die  Meteoriten  in  Sammlungen,  etc.,  1897  (earlier  works  on  related  subjects^ 
«ee  Dana's  System,  p.  82). 

For  a  catalogue  of  localities  of  minerals  in  the  United  States  and  Canada  see  the  volume 
<51  pp.)  reprinted  from  Dana's  Svstem,  6th  ed.  See  also  the  volumes  on  the  Mineral  Re- 
sources of  the  United  States  published  (since  1882)  under  the  auspices  of  the  U.  S.  Geo- 
logical Survey. 

ChemiecU  and  Determinaiivi  Mineralogy, 

Bischoff.  Lehrbuch  der  chemischcn  und  physikalischen  Geologic,  1847-54;  2ded., 
1863-66.    (Also  an  English  edition.) 

Blum.    Die  Pseudomorphosen  des  Mineralreichs,  1848.     With  4  Nachtrfige,  1847-1879. 

Brush.  Manual  of  Determinative  Mineralogy,  with  an  Introduction  on  Blowpipe 
Analysis;  New  York,  1875;  3d  ed.,  1878.     Also  new  edition  by  Penfield,  1896. 

Doelter.    Allgemeine  chemische  Mineralogie.  Leipzig.  1890. 

Bndlich.    Manual  of  Qualitative  Blowpipe  Analysis,  i^ew  York,  1892. 

KobeU,  F.  Ton.  Tafeln  zur  Bestimmung  der  Mineralien  mittelst  einfacher  chemischer 
Yersuche  auf  trockenem  und  nassem  Wege,  lite  Auflage.  1878. 

Rammelsberg.  Handbuch  der  krystallogiaphisch-physikalischen  Chemie.  Leipzig. 
1881-82.     Handbuch  der  Mineralchemie,  2d  ed.,  1875.    Erffftnzungsheft,  1,  1886;  2,  1895. 

Roth.  Allgemeine  und  chemische  Geologic;  vol.  1,  Bildungu.  Umbildung  der  Minera- 
lien. etc.,  1879:  2,  Petrographie.  1887-1890. 

Volger.     Stndien  zur  Entwicklungsgeschichte  der  Mineralien,  1854. 

Websky.  Die  Mineral  Species  nach  den  fOr  das  specifische  C^wicht  derselben  ang«- 
nommenen  und  gefundenen  Werthen.  Breslau.  1868. 

Weisbaoh.    Tabellen  zur  Bestimmung  der  Mineralien  nach  ftusseren  Kennzeichen» 
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8te  Aufla^e,  1886.     Also  founded  on  Weisbach's  work,  Frazer's  Tables  for  the  determina- 
tion of  minerals,  4th  ed..  1897. 

Microscopic  Examination  of  Miner aU.* 

Oohen,  B.  Sammlung  von  Mikrophotographiecn  zur  Yeianschaulichung  der  mikro- 
skopischen  Structur  von  Mineralien  und  Gesteinen,  1881-82. 

"<   Doelter.     Die  Bestimmuug    der    petrographisch  wichtigeren  Mineralien  durch  das 
Mikroskop.  1876. 

Fischer.     Kritiscbe  niikroskopisch-minei-alogische  Stud'en,  Freiburg,  1869-1878. 

Fouqu6-L6vy.    Mioeralogie  micrographique,  roches  eruptives  Fran9ai8e8,  1879. 

Uvy-Ijacroix.     Les  mineraux  des  roches,  1888. 

Rosenbusch.  Mikroskopische  Ph^siogruphie  der  petrographisch -wichtigeu  Mine- 
ralien. 1873;  3d  ed.,  1892.  Accompuuied  by  HQlfstabclleu  zur  mikroskopischen  Miueral- 
beslimmuug,  1888.  Also  English  translation  and  abridgment  of  the  above  work  by 
Iddings,  1888.     Mikroskopische  Physiographic  der  massigen  Gesteine,  1877;  8d  ed.,  1896. 

Thoulet.  Contributions  ^  Teiude  des  propriety  physiques  et  chimiques  des  mineraux 
microscopiques. 

Tschermak.     Die  mikroskopische  Beschaffenheit  der  Meteoriten.  1888. 

Zirkel.  Die  mikroskopische  Beschaffenheit  der  Mineralien  und  Gesteine,  1878.  Also 
Petrographie,  3  vols.,  1893-94. 

Artificial  Formation  of  Minerals. 

Ourlt.  Uebersicht  der  pyrogeneten  kUnstlichen  Mineralien,  uameutlich  der  krystal- 
lisirten  HQttenerzeugnisse,  1857. 

Fnchs.     Die  kUnstlich  dargesteltten  Mineralien,  1872. 
Daubree.     i^tudes  synthetique  de  Geologic  experimentale,  Paris,  1879. 
Fouqu^  and  M.  Levy.     Synthase  des  Mineraux  et  des  Roches,  1882. 
Bourgeois.     Reproduction  artiiicielle  des  Min§raux,  1884. 
Meuiier.    Les  methodes  de  synthase  en  Mineralogle. 

Mineralogical  Journals. 

The  following  Journals  are  largely  devoted  to  original  papers  on  Mineralogy: 
Boll.  Soc.  BSm.     Bulletin  de  la  Societe  Fran^aise^de  Mineralogie,  vol.  1, 1§78:  20, 1897. 
Jb.  Min.   Neues  Jahrbuch  fQr  Mineralo^e,  Geologic  und  Palaeontologie,  etc.,  from  1888> 
Min.  Mag.    The  Mineralogical  Magazine  and  Journal  of  the  Mineralogical  Society  of 

Gt.  Britain,  vol.  1,  1876;  11.  1896-97. 

Min.  petr.  Mitth.     Mineralogi^che  und  petrographische  Mittheilungen,  vol.  1,  1878; 

17, 1897.  Earlier,  from  1871,  Mineralogische  Mittheilungen  gesammelt  vonG.  Tschermak. 
Zs.  Kryst.     Zeitschrift  fUr  KrystaUographie  und  Mineralogie.    Edited  by  P.  Groth. 

Tol.  1,  1877;  28.  1897. 


Abbreviationb. 

pi.     Plane  of  the  optic  axes.  H.  Hardness. 

Acute  bisectrix  (p.  208).  Obs.  Observations  on  occurrence,  etc. 

Obtuse  bisectrix  (p.  208).  O.F.  Oxidizing  Flame  (p.  257). 

Before  the  Blowpipe  (p.  256).*  Pyr.  Pyroguostics   or    blowpipe  and 
Comp.      Composition.  allied  characters. 

Dift  Differences,   or  distinctive  char-      O.  Ratio.  Oxygen  Ratio  (p.  249). 

acters.  R.F.  Reducing  Flame  (p.  257). 

O.  Specidc  Gravity.  Var.  Varieties. 

The   sign  a  is    used    to   indicate    the    angle    between    two    faces   of  a  crystal,    aa 
am  (100  A  110)  =  44' 80'. 

*  See  the  bibliography  given  by  Rosenbusch. 
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GENERAL  MORPHOLOGICAL  RELATIONS  OF 

CRYSTALS. 

6.  Crystallography. — The  subject  of  Crystallography  includes  the  descrip- 
tion of  the  characters  of  crystals  in  general ;  of  the  various  forms  of  crystals 
and  their  division  into  groups  and  systems;  of  the  methods  of  studying  crystals, 
including  the  determination  of  the  mathematical  relations  of  their  faces,  and 
the  measurement  of  the  angles  between  them;  finally,  a  description  of  com- 
pound or  twin  crystals,  of  irregularities  in  crystals,  of  crystalline  aggregates, 
and  of  pseudomorphbus  crystals. 

Allied  to  Crystallography  is  the  subject  of  Crystalloffenv,  which  describes 
the  methods  of  making  crystals  which  may  be  applied  m  tne  laboratory,  and 
•discusses  the  theories  of  their  origin  in  nature.  This  department  is  only  briefly 
touched  upon  in  the  present  work. 

6.  Definition  of  a  Crystal— -4  crystal^  is  tJie  regular  polyhedral  form, 
hounded  by  smooth  surfaces,  which  is  assumed  by  a  chemical  compound,  under 
the  action  of  its  intermolecular  forces,  when  passing,  under  suitable  conditions, 
from  the  state  of  a  liquid  or  gas  to  that  of  a  solid. 

As  expressed  in  the  foregoing  definition,  a  crystal  is  characterized,  first,  by 
its  definite  internal  molecular  structure,  and,  second,  by  its  external  form.  A 
crystal  is  the  normal  form  of  a  mineral  species,  as  of  all  solid  chemical  com- 
pounds ;  but  the  conditions  suitable  for  the  formation  of  a  crystal  of  ideal 
perfection  in  symmetry  of  form  and  smoothness  of  surface  are  never  realized. 
Further,  many  species  usually  occur  not  in  distinct  crystals,  but  in  massive  form, 
and  in  some  exceptional  cases  the  definite  molecular  structure  is  absent. 

7.  Molecular  Structure  in  GeneraL — By  definite  molecular  structure  is  meant 
the  special  arrangement  which  the  physical  units,  called  molecules,^  assume 
under  the  action  of  the  forces  exerted  between  them  during  the  formation  of 
the  solid.     Some  remarks  are  given  in  a  later  article  (p.  18  et  seq.)  in  regard  to 

*  Id  its  origiDal  signification  the  term  crystal  was  applied  only  to  crystals  of  quartz, 
which  the  ancient  philosophers  believed  to  be  toater  congealed  by  intense  cold.  Hence  the 
term,  from  KftvorraXXo?,  tee, 

f  The  relation  between  atoms,  chemical  molecules,  and  physical  molecules  is  explained 
under  the  chapter  on  Chemical  Mineralogy.  The  molecules  here  spoken  of  are  the  phydcal 
molecules. 
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the  kinds  of  molecular  arrangement  theoretically  possible,  and  their  relation  ta 
the  symmetry  of  the  different  groups  and  systems  of  crystals. 

The  definite  molecular  structure  is  the  essential  character  of  a  crystal,  and 
the  external  form  is  only  one  of  the  ways,  although  the  most  important,  in 
which  this  structure  is  manifested.  Thus  it  is  found  that  all  similar  directions 
in  a  crystal,  or  a  fragment  of  a  crystal,  have  like  physical  characters,*  as  of 
elasticity,  cohesion,  action  on  light,  etc.  This  is  clearly  shown  by  the  cleavage, 
or  natural  tendency  to  fracture  in  certain  directions,  yielding  more  or  less 
smooth  surfaces;  as  the  cubic  cleavage  of  galena,  or  the  rhombohedral  cleavage 
of  calcite.  It  is  evident,  therefore,  that  a  small  crystal  differs  from  a  large  one 
only  in  size,  and  that  a  fragment  of  a  crystal  is  itself  essentially  a  crystal  in  all 
its  physical  relations,  though  showing  no  crystalline  faces. 

f^urther,  the  external  form  without  the  corresponding  molecular  structure 
does  not  make  a  solid  a  crystal.  A  model  of  glass  or  wood,  on  the  one  hand, 
is  not  a  crystal,  though  having  its  external  form,  ])ecause  there  is  no  relation 
between  form  and  structure.  Also,  an  octahedron  of  malachite,  having  the 
form  of  the  crystal  of  cuprite  from  which  it  has  been  derived  by  chemical 
alteration,  is  not  a  crystal  of  malachite. 

On  the  other  hand,  if  the  natural  external  faces  are  wanting,  the  solid  is 
not  called  a  crystal.  A  cleavage  octahedron  of  fluorite  and  a  cleavage  rhom- 
bohedron  of  calcite  are  not  properly  crystals,  because  the  surfaces  have  been 
yielded  by  fracture  and  not  by  the  natural  molecular  growth  of  the  crystal. 

8.  Crystalline  and  Amorphous. — When  a  mineral  shows  no  external  crystal- 
line form,  it  is  said  to  be  massive.  It  may,  however,  have  a  definite  molecular 
structure,  and  then  it  is  said  to  be  crystalline.  If  this  structure,  as  shown  by 
the  cleavage,  or  by  optical  means,  is  tne  same  in  all  parallel  directions  through 
the  mass,  it  is  described  as  a  single  individual.  If  it  varies  from  grain  to  grain, 
or  fiber  to  fiber,  it  is  said  to  be  a  crystalline  aggregatey\  since  it  is  in  fact  made 
up  of  a  multitude  of  individuals. 

Thus  in  a  granular  mass  of  galena  or  calcite,  it  may  be  possible  to  separate 
the  fragments  from  one  another,  each  with  its  characteristic  cubic,  or  rhom- 
bohedral, cleavage.  Even  if  the  individuals  are  so  small  that  they  cannot  be 
separated,  yet  the  cleavage,  and  hence  the  crystalline  structure,  may  be  evident 
from  the  spangling  of  a  freshly  broken  surface,  as  with  fine-grained  statuary 
marble.  Or,  again,  this  aggregate  structure  may  be  so  fine  that  the  crystalline 
structure  can  only  be  resolved  by  optical  methods  with  the  aid  of  the  microscope. 
In  all  these  cases,  the  structure  is  said  to  be  crystalline. 

If  optical  means  show  a  more  or  less  distinct  crystalline  structure,  which, 
however,  cannot  be  resolved  into  individuals,  the  mass  is  said  to  be  crypto- 
crystalline  ;  this  is  true  of  some  massive  varieties  of  ouartz. 

If  the  definite  molecular  structure  is  entirely  wanting,  and  all  directions  in 
the  mass  are  sensibly  the  same,  the  substance  is  said  to  be  amorphous.  This  is 
true  of  a  piece  of  glass,  and  nearly  so  of  opal.  The  amorphous  state  is  rare 
among  minerals. 

A  piece  of  feldspar  which  has  been  fused  and  cooled  siiddenly  may  be  in  the  glass-like 
amorphous  condition  as  regards  absence  of  definite  molecular  structure.     But  even  in  such 


*  This  subject  is  further  elucidated  in  the  chapter  devoted  to  Physical  Mineralogy,  where 
it  is  also  shown  that,  with  respect  to  many,  but  not  all,  of  the  physical  characters,  the 
converse  of  this  pro|)osition  is  true,  viz.,  that  unlike  dii-ections  in  a  crystal  have  in  gen- 
eral unlike  properties. 

f  The  consideration  of  the  various  forms  of  crystalline  aggregates  is  postponed  to  the 
end  of  the  present  chapter. 
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Wises  tbere  is  o  temiency  to  go  over  Into  tlie  cryatallino  coDditioa  by  uioleciilar  reaminge- 
meul  A  transparent  araorphous  muss  of  arsenic  Irioiide  {As,0,).  luimet)  by  fusioD. 
becntnes  opiique  ami  crysWlline  afler  a  time.  Similarly  the  steel  bi'uiiiH  or  a  railroB'i  bridge 
may  cradiially  become  crystalline  and  lliua  lose  some  ol  tlieir  uiigiual  alreiigili  bei-aiise  of 
the  molecular  rearrangement  made  possible  by  ibe  vibJutious  taustd  by  ibe  trequeiil  jar  of 
passing  trains.  The  microscopic  study  of  rocks  reveals  inauy  cases  in  wblcli  &u  iiDalogous 
cLunge  la  molecular  structure  bns  lakeu  plac"  '  '"' 

greet  pressure. 


ss,  as  caused,  for  example,  by 


9,  External  Form, — A  crvatal  ie  bounded  by  smooth  plane  eurfaces,  called 
faces  or  plaues,*  sliowine  in'  their  arraHgemeut  a  certaiu  characteristic  sym- 
metry, and  related  to  eaoii  other  by  definite  mathematical  laws. 

ihtis,  without  inquiring,  at  the  moment,  into  the  exact  meaning  of  the 
term  symmetry  as  applied  to  crystals,  and  the  kinds  of  symmetry  possible, 
which  will  be  explained  in  detail  later,  it  is  apparent  that  the  accompauyirig 
figures,  1-3.  show  the  external  form  spoken  of.  They  represent,  therefore, 
certain  definite  types. 


Oalena.  Zircon.  Chrysollt«. 

10.  Variation  of  Form  and  Snrf^e.— Actual  crystals  deviate,  within  certain 
limits,  from  the  ideal  forms. 

First,  there  may  bo  variation  in  the  size  of  like  faces,  thus  producing  what 
are  defined  later  as  distorted  forms.  In  the  second  place,  the  faces  are  rarely 
absolutely  smooth  and  brilliant;  commonly  they  lack  perfect  polish,  and  they 
may  even  be  rough  or  more  or  lees  covered  with  fine  parallel  lines  (called 
striations),  or  show   minnte    elevations,   depressions  or  other  4. 

peculiarities.     Both  the  above  subjects  are  discussed  iu  detail  in        .,,^'Vn. 
another  place.  t"/'  \  *\. 

It  may  be  noted  in  passing  that  the  characters  of  natural  fy        \ — ^ 
faces,  just  alluded  to,  in  general  make  it  easy  to  distinguish 
between  them  and  a  face  artificially  ground,  on  the  one  hand, 
like  the  facet  of  a  cut  gem;  or,  on  the  other  hand,  the  splintery 
uneven  surface  yielded  by  cleavage. 

11.  Constancy  of  Angle  in  the  Same  Speoiea, — The  crystals 
of  any  species  are  essentially  constant  in  the  angle  of  inclination 
between  like  faces,  wherever  they  are  found,  and  whether  prod- 
ncte  of  nature  or  of  the  laboratory.  These  angles,  therefore, 
form  one  of  the  distinguishing  characters  of  a  species.  Apiktit«. 

Thus,  in  Fig.  4,  of  apatite,  the  angle  between  the  adjacent  faces  x  and 

tB  wliere  the  direction,  rather  than  the  definite 


"^^ 
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m  (130°  18')  is  the  same  for  any  two  like  faces,  similarly  situated  with  refer- 
ence to  each  other.  Further,  this  angle  is  constant  for  the  species,  differing 
but  little  on  crystals  from  different  localities.  Moreover,  the  angles  between 
all  the  faces  on  crystals  of  the  same  species  (cf.  Figs.  5-9  of  zircon  below) 
are  more  or  less  closely  connected  together  by  certain  definite  mathematical 
laws. 

12.  Diversity  of  Form,  or  Habit. — While  in  the  crystals  of  a  given  species 
there  is  constancy  of  angle  between  like  faces,  the  forms  of  the  crystals  may 
be  exceedingly  diverse.  The  accompanying  figures  (5-9)  are  examples  of  a 
few  of  the  forms  of  the  species  zircon.  There  is  hardly  any  limit  to  the  number 
of  faces  which  may  occur,  and  as  their  relative  size  changes,  the  habit,  as  it 
is  called,  may  vary  indefinitely.  Yet  for  the  crystals  of  each  species,  the 
angles  between  like  faces  are  essentially  constant. 


7. 


8. 


9. 


la 


01. 


Crystals  of  Zircon. 

13.  Diversity  of  Size. — Crystals  occur  of  all  sizes,  from  the  merest  micro- 
scopic point  to  a  yard  or  more  in  diameter.  It  is  important  to  understand, 
however,  that  in  a  minute  crystal  the  development  is  as  complete  as  with  a 
large  one.  Indeed  the  highest  perfection  of  form  and  transparency  is  found 
only  in  crystals  of  small  size. 

A  single  crystal  of  quartz,  now  at  Milan,  is  three  and  a  quarter  feet  long  and  five  aud  a 
half  in  circumference,  and  its  weight  is  estimated  at  eight  hundred  and  seventy  pounds. 
A  single  cavity  in  a  vein  of  quartz  near  the  Tiefen  Glacier,  in  Switzerland,  discovered  in 
1867,  afforded  smoky  quart?  crystals  weighing  in  the  aggregate  about  20,000  pounds ;  a 
considerable  number  of  the  single  crys'ais  havinir  a  weight  of  200  to  250  pounds,  or  even 
more.  A  gigantic  beryl  from  Acworth,  New  Hampshire,  measured  four  feet  in  length 
and  two  and  a  half  in  circumference  ;  another,  from  Gmfton,  was  over  four  feet  long,  aud 
thirty-two  inches  in  one  of  its  diameters,  and  weighed  about  two  and  a  half  tons. 

14.  Symmetry  in  General. — The  faces  of  a  crystal  are  arranged  according 
to  certain  laws  of  symmetry,  and  this  symmetry  is  the  natural  basis  of  the 
division  of  crystals  into  groups  and  svstems.  The  symmetry  may  be  defined 
relatively  to  (1)  a  plane  of  symmetry ,  (2)  an  axis  of  symmetry,  and  (3)  a  center 
of  symmetry. 

These  different  kinds  of  symmetry  may,  or  may  not,  be  combined  in  the 
same  crystal.  It  will  be  shown  later  that  there  is  one  group  the  crystals  of 
which  have  neither  center,  axis,  nor  plane  of  symmetry;  another  where  there 
is  only  a  center  of  symmetry.  On  the  other  hand,  some  groups  have  all  these 
elements  of  symmetry  represented. 
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16.  Planes  of  Symmetry. — A  solid  is  said  to  be  geometricallj  *  symmetrical 
with  reference  to  a  plane  of  Bymmetry  when  for  eacSi  face,  m 

edge,  or  solid  angle  there  is  another  similar  face,  edge,  or 
angle  which  has  a  iike  position  with  reference  to  this 
plane.  Thus  it  is  obvious  that  the  crystal  of  ampbibole, 
shown  in  Fig.  10,  is  symmetrical  with  reference  to  a  central 
plane  of  symmetry,  parallel  to  the  face  b,  passing  Terticallv  i 
through  the  edge  formed  by  the  faces  r,  r  and  through 
the  middle  of  the  face  a. 

In  the  ideal  crystal  this  symmetry  is  right  symmetry  in 
the  geometrical  sense,  where  every  point  on  the  one  side  of  ^ 
the  plane  of  symmetry  has  a  corresponding  point  at  equal 
distances  on  the  other  side,  measured  on  a  line  normal  to  it. 
Id  other  words,  in  the  ideal  geometrical  symmetry,  one  half  of  the  crystal  is 
the  exact  mirror-image  of  the  other  half, 

A  crystal  may  have  as  many  as  nine  planes  of  symmetry,  three  of  one  Bet 
and  six  of  another,  as  is  illustrated  by  the  cube  f  (Fig.  11).  Here  the  planes 
of  the  first  set  pass  through  the  crystal  parallel  to  the  cubic  faces;  they  are 
shown  in  Fig.  12.  The  planes  of  the  second  set  join  the  opposite  cubic  edges. 
On  the  other  hand,  some  crystals  have  no  plane  of  symmetry. 
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16.  Axes  of  Symmetry. — If  a  solid  can  be  revolved  through  a  certain  num- 
ber of  degrees  about  some  line  as  an  axis,  with  the  I'esult  that  it  again  occupies 
precisely  the  same  position  in  space  as  at  first,  it  is  said  to  have  an  axis  of 
symmetry.  There  are  four  different  kinds  of  axes  of  symmetry  among  crystals; 
tney  are  defined  according  to  the  angular  revolution  needed  in  each  case,  that 
is,  by  the  number  of  times  which  the  crystal  repeats  itself  in  a  complete 
revolution  of  360°. 

(b)  a  crystal  is  said  to  have  an  axis  of  binary,  or  twofold,  symmetry  when 
a  revolution  of  180°  produces  the  result  named  above;  in  other  words,  when  it 
repeats  itself  twice  in  a  complete  revolution.  This  is  true  of  the  crystal  shown 
in  Fig.  13  with  respect  to  the  vertical  axis  (and  indeed  each  of  the  horizontal 
axes  also). 

(b)  A  crystal  has  an  axis  of  trigonal,  or  threefold,  symmetry  when  a 
revolution  of  120°  is  needed  ;  that  is,  when  it  repeats  itself  three  times  in  a 
complete  revolution.  The  vertical  axis  of  the  crystal  shown  in  Fig.  14  is  an 
axis  of  trigonal  symmetry. 

*  The  reUtloD  between  the  Ideal  geometrical  Bymmeiry  and  tbe  actual  crystallograpbio 
symmetry  Is  diBCUsaed  la  Art,  IB. 

t  This  !■  ihe  cube  of  the  normal  group  of  tlie  isomeirlc  syslem. 
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((•■)  A  crystal  has  an  axis  of  tetragonal,  or  fourfold,  Bymmetry  when  a 
reyolution  of  'JO"  is  called  for;  in  other  words,  when  it  repeats  itself  four  times 
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in  a  complete  revolution.     The  Tertical  aiis  in  the  crystal  shown  iu  Fig.  15  is 
such  an  axis. 

{d)  Finally,  a  crystal  has  an  axis  of  hexagonal,  or  sixfold,  symmetry  when 
H  revolution  of  tiO°  is  called  for;  in  other  words,  when  it  repeats  itself  six  times 
in  a  complete  revolution.     This  is  illustrated  by  Fig.  IG. 

Tlie  cube*  illualinies  three  of  the  four  possible  kinds  of  Bjiiimeiry  wiih  reaped  lo  iixes 
of  symmetry.  I(  lias  six  axps  of  biiinry  symmetry  juJuJDg  ilie  middle  poiuts  of  opposite 
edguaiFig.  17).  It  has  four  axes  of  IrigoDtil  symmetry,  joloing  the  opposiic  solid  angles 
(Sig-  18).  It  has.  liually,  three  axes  of  tetragooai  symmetry  Jutnlng  the  middle  poiols  uf 
opposite  faces  (Fig.  16). 

18.  19. 
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17.  Center  of  Symmetry. — Most  crystals,  besides  planes  and  axes  of  sym- 
metry, have  also  a  center  of  symmetry.  On  the  other  band,  a  crystal,  thoiigh 
possessing  neither  plane  nor  axis  of  symmetry,  may  yet  be  an 

symmetrical  with  reference  to  a  point,  its  center.  This  last 
is  true  of  the  tricliuic  crystal  shown  in  Fig.  30,  in  which  it 
follows  that  every  face,  edge,  and  solid  angle  lias  a  face,  edge, 
and  angle  simitar  to  it  in  tlie  opposite  half  of  the  crystal. 

There  is  another  tnetUo  I  of  viewltiR  ttie  symmetry  in  this  la<t  case, 
whlcii  U  udopled  by  some  iiuthors.  If  llie  crystal  he  thought  of  as 
divldt-d  iolo  two  similar  halves  by  a  plaue  ]>niallel  to  nny  one  of  its 
faces,  nud  one  half  be  ruvnlvcd  180°  about  au  nxis  uoimul  lo  thiH  fuce, 
Ibis  half  would  be  hroa;Eht  into  n  position  in  which  It  would  be  tbo 
mirrur-itniigc  of  ihe  remaiuiug  half.  This  symmetiy  Is  beuce  describnl 
as  eompouud  »ymmeti-y  vMh  reference  to  au  axis  of  .binary  symmetry 
nnd  H  pliioe  tiunnal  to  it,  both  tafaen  together.  Tlils  meihud  is 
followed  here  since,  though  hnvlag  certain  tlicoretica 
tbe  stmlenl  meeling  the  problems  of  cryMii!logni|iby  tii 


biygo.ii.t, 
dTHniiigcs.  it  is  likely  lo  confuse 


*  This  Is  agidn  the  cube  of  the  normal  group  of  tbe  isometric  sysicDi. 
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21. 


22. 


18.  Eelation  of  Geometrical  to  Grystallographic  Symmetry.  ~  Since  the- 
symmetry  in  the  arrangement  of  the  faces  of  a  crystal  is  an  expression  of  tho^ 
internal  molecular  structure,  which  in 
general  is  alike  in  all  parallel  directions^ 
the  relative  size  of  the  faces  and  their 
distance  from  the  plane  or  axis  of  sym- 
metry are  of  no  moment,  their  angular 
msition  alone  is  essential.  Hence  Fig.  21 
nas  as  truly  a  vertical  plane  of  symmetry 
(parallel  to  h)  as  Fig.  22  if  the  faces  have 
exactly  the  same  angular  position  as  in 
that,  although  the  strict  geometrical  defi- 
nition *  could  not  be  applied  to  it. 

Also  in  a  normal  cube  (Fig.  23)  the  Heulandite. 

three  central  planes  parallel  to  each  pair  of  cubic  faces  are  like  planes  of  sym- 
metry, as  stated  in  Art.  16.  But  a  crystal  is  still  crystallographically  a  cube,, 
though  deviating  widely  from  the  requirements  of  the  strict  geometrical  defi- 
nition, as  shown  in  Figs.  24,  25,  if  only  it  can  be  proved,  e.g.  by  cleavage,  th» 


23. 


24. 


26. 


26. 


27. 


physical  nature  of  the  faces,  or  by  optical  means,  that  the  three  pairs  of 
faces  are  like  faces,  independently  of  their  size,  or,  in  other  words,  tnat  th^ 
molecular  structure  is  the  same  in  the  three  directions  normal  to  them. 

Further,  in  the  case  of  a  normal  cube,  a  face  of  an  octahedron  on  any  solid 
angle  requires,  as  explained  beyond,  similar  faces  on  the  other  angles.     It  i» 

not  necessary,  however,  that 
these  eight  faces  should  be  of 
equal  size,  for  in  the  crystal- 
lographic  sense  Fig.  26  Is  aa 
.  truly  symmetrical  with  reference- 
to  the  planes  named  as  Fig.  27. 
19.  On  the  other  hand,  th& 
molecular  and  hence  the  crys- 
tallographic  symmetry  is  not 
always  that  which  the  geomet- 
rical form  would  suggest.  Thus,  deferring  for  the  moment  the  consideration 
of  pseudo-symmetry,  an  illustration  of  the  fact  stated  is  afforded  by  the  cube* 

*  It  is  to  be  noted  that  the  pei*apeclive  figures  of  crj'stals  alw.nys  show  the  geometrirally 
idenl  form,  in  whirh  l*ke  faces,  edges,  and  angles  have  the  same  shape,  size,  and  position. 
In  other  words,  the  ideal  crystal  is  iiniformly  represented  as  having  the  symmetry  called 
for  by  the  strict  geometrical  definition. 
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It  has  already  been  implied  and  will  be  fnlly  explained  later  that  while  the 
cube  of  the  normal  group  of  the  isometric  system  nas  the  symmetry  described 
in  Arts.  15,  16,  a  cube  of  the  same  geometrical  form  but  belonging  molecularly, 
for  example,  to  the  tetrahedral  group,  has  no  planes  of  symmetry  parallel  to 
the  faces,  only  the  six  diagonal  planes  ;  further,  though  the  four  axes  shown 
in  Fig.  18  are  still  axes  of  trigonal  symmetry,  the  cubic  axes  (Fig.  19)  are 
4ixes  of  binary  symmetry  only,  and  there  are  no  axes  of  symmetry  correspond- 
ing to  those  represented  in  Fig.  17.  Other  more  complex  cases  will  be 
described  later. 

Further,  a  crystal  having  interfacial  angles  of  90°  is  not  necessarily  a  cube; 
in  other  words,  the  angular  relations  of  the  faces  do  not  show  in  this  case 
whether  the  figure  is  bounded  by  six  like  faces;  or  whether  only  two  are  alike 
and  the  third  unlike;  or,  finally,  whether  there  are  three  pairs  of  unlike  faces. 
The  question  must  be  decidea,  in  such  cases,  by  the  molecular  structure 
as  indicated  by  the  physical  nature  of  the  surfaces,  by  the  cleavage,  or  by 
other  physical  characters,  as  pyro-electricity,  those  connected  with  light 
phenomena,  etc. 

Still  again,  the  student  will  learn  later  that  the  decision  reached  in  regard 
to  the  symmetry  to  which  a  crystal  belongs,  based  upon  the  distribution  of  the 
faces,  is  only  preliminary  and  approximate,  and  before  being  finally  accepted 
it  must  be  confirmed,  first,  by  accurate  measurements,  and,  second,  by  a  minute 
study  of  the  physical  characters  as  just  insisted  upon. 

The  method  based  upon  the  physical  characters,  which  ^ives  most  coDclusive  results 
and  admits  of  the  widest  applicatiou,  is  the  skillful  etching  of  the  surface  of  the  crystal  by 
some  appropriate  solvent.  By  this  means  there  arc,  in  general,  produced  upon  ii  minute 
depressions  the  shape  of  which  always  conforms  to  the  symmetry  m  the  arrangement  of  the 
molecules.  This  process,  which  is  in  part  essentially  one  involving  the  dissection  of  the 
molecular  structure,  is  more  particularly  discussed  in  the  chapter  on  Physical  Mineralogy. 

20.  Pseudo-symmetry. — The  crystals  of  certain  species  approximate  closely 
in  angle,  and  therefore  in  apparent  symmetry,  to  the  requirements  of  a  system 
higher  in  symmetry  than  tnat  to  which  they  actually  belong:  they  are  then 
said  to  exhibit  pseudO'Symmetry,  Numerous  examples  are  given  under  the 
different  systems.  Thus  the  micas  have  been  shown  to  be  truly  monoclinic 
in  crystallization,  though  in  angle  they  seem  to  be  in  some  cases  rhombo- 
hedral,  in  others  orthorhombic. 

It  will  be  shown  later  that  compound,  or  twin,  crystals  may  also  simulate 
by  their  regular  grouping  a  higher  grade  of  symmetry  than  that  which  belongs 
to  the  single  crystal.  Such  crystals  also  exhibit  pseudo-symmetry  and  are 
specifically  called  mimetic.  Thus  aragonite  is  an  example  of  an  orthorhombic 
species,  whose  crystals  often  imitate  by  twinning  those  of  the  hexagonal 
system.*  Again,  a  highly  complex  twinned  crystal  of  the  monoclinic  species, 
phillipsite,  may  have  nearly  the  form  of  a  rhombic  dodecahedron  of  the 
isometric  system.  This  kind  of  pseudo-symmetry  also  occurs  among  the 
groups  of  a  single  system,  since  a  crystal  belonging  to  a  group  of  low  symmetry 
may  oy  twinning  gain  the  geometrical  symmetry  of  the  corresponding  form 
of  the  normal  group.  This  is  illustrated  by  a  twinned  crystal  of  scheelite 
like  that  figured  (Fig.  378)  in  the  chapter  on  twin  crystals. 

Pseudo-symmetry  of  still  another  kind,  where  there  is  an  imitation  of  the 
symmetry  of  another  system   of  lower  grade,  is  particularly  common   in 

crystals  of  the  isometric  system  {e.g,,  gold,  copper).     The  result  is  reached  in 

•.^— ^—  — ^ _^ 

*The  Xerm^ paexido-hexagonal,  etc.,  used  in  this  asd  similar  cases  explain  themselves. 
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Bucn  cases  by  an  abnormal  development  or  "distortion'*  in  the  direction  of 
certain  axes  of  symmetry.  This  subject  is  discussed  and  illustrated  on  & 
later  page. 

21.  Possible  Oroups  of  Symmetry. — The  theoretical  consideration  of  the 
different  kinds  of  symmetry  possible  among  crystals  built  up  of  like  molecules^ 
as  explained  in  Arts.  30-32,  has  led  to  the  conclusion  that  there  are  thirty- 
two  (32)  types  in  all,  differing  with  respect  to  the  combination  of  the  different 
symmetry  elements  just  described.  Of  these  thirty-two  natural  groups  among^ 
crystals  based  upon  their  symmetry,  seven  groups  include  by  far  tlie  larger 
number  of  crystallized  minerals.  Besides  these,  some  thirteen  or  fourteen 
others  are  distinctly  represented,  though  several  of  these  are  of  rare  occur- 
rence. Further,  eight  or  nine  others,  making  in  all  twenty-nine  or  thirty,  are 
known  among  crystallized  salts  made  in  the  laboratory.  The  characters  of 
each  of  the  thirty-two  groups  are  given  under  the  discussion  of  the  several 
crystalline  systems. 

22.  Crystallographic  Axes. — In  the  description  of  the  form  of  a  crystal, 
especially  as  regards  the  position  of  its  faces,  it  is  found  convenient  to 
assume,  after  the  methods  of  analytical  geometry,  definite  lengths  of  certain 
lines  passing  through  the  center  of  the  ideal  crystal,  as  a  basis  of  reference* 
(See  further  Art.  33  et  seq,) 

These  lines  are  called  the  crystallographic  axes.  Their  direction  is  to  a 
greater  or  less  extent  fixed  by  the  symmetry  of  the  crystals,  for  an  axis  of 
symmetry  is  in  almost  all  cases*  a  possible  crystallographic  axis.  Further, 
their  unit  lengths  are  fixed  sometimes  by  the  symmetry,  sometimes  by  the 
faces  assumed  as  fundamental,  i.^.,  the  unit  forms  in  the  sense  defined  later. 
The  dotted  lines  shown  in  Fig.  19  are  the  crystallographic  axes  to  which  the 
cubic  faces  are  referred. 

23.  Systems  of  Crystallization. — The  thirty-two  possible  crystalline  groups, 
distinguished  from  one  another  by  their  symmetry,  are  classified  in  this  work 
under  six  systems,  each  characterized  by  the  relative  lengths  and  inclinationa 
of  the  assumed  crystallographic  axes.     These  are  as  follows: 

I.  Isometric  System.     Three  equal  axes  at  right  angles  to  each  other. 

II.  Tetragonal  System.  Three  axes  at  right  angles  to  each  other,  two 
of  them— the  lateral  axes — equal,  the  third — the  vertical  axis— longer  or 
shorter.  ^  ^ 

III.  Hexagonal  Sxstem.  Four  axes,  three  equal  lateral  axes  in  one 
plane  intersecting  at  angles  of  60°,  and  a  vertical  axis  at  right  angles  to  this 
plane  and  longer  or  shorter. 

IV.  Orthorhombic  System.  Three  axes  at  right  angles  to  each  other, 
but  all  of  different  lengths. 

V.  Monoclinic  System.  Three  axes  unequal  in  length,  and  having  one 
of  their  intersections  oblique,  the  two  other  intersections  equal  to  90°. 

VI.  Triclinic  System.  Three  unequal  axes  with  mutually  oblique 
intersections. 

The  systems  of  crystallizatiou  have  been  variously  named  by  different  authors,  as 
follows: 

Isometric.  Tes^ular  of  Mohs  nnd  Haidin^er:  Isometric  of  Hausmann;  Tesseral  of 
Naumaun:  Regular  of  Weiss  aud  Rose;  Cubic  of  Dufrenoy,  Miller,  Des  Cloizeauz; 
Monomeiric  of  the  earlier  editions  of  Dana's  System  of  Mineralogy. 

*  Exceptions  are  found  in  the  isometric  system,  where  the  axes  must  necessarily  be  the 
axes  of  tetragonal  symmetry  (Fig.  19),  and  cannot  be  those  of  binary  or  trigonal  symmetry 
(Figs.  17.  18). 
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Tetragonal.  Pyramidal  of  Mohs;  Viergliedrige,  or  Zteei-und-eirmxige,  of  Weiss; 
7*etragonal  of  Naumanu;  Monodimetric  oi  Hausninuu;  Qtuidratic  of  von  Kobell;  Ditnetric 
of  early  editions  of  Dana's  System. 

Hexagonal.  Wiombohedral  of  Mohs;  Sechsgliedrige,  or  Drei-und-einaxtge  of  Weiss; 
Hexagonal  of  Naumann;  Monotrimetric  of  Huusmann. 

Ohtuorhombic.  Prismatic,  or  Ortliotype,  of  Mohs;  Ein-undeinaxige  r>f  Weis^; 
Rliombic  and  Anisameiric  of  Naumann;  Trimetric  and  OrVtorUonibic  of  Hausmaun; 
I'nmetric  of  earlier  ediiions  of  Dana's  System. 

MoNocLiNic  llemiprismatic  and  HeiniortTioiype  of  Mohs;  Ztoeiundeinf/liednge  of 
Wc.ss;  MofwcUnohedrul  of  Naiimunn;  Clinorfiombie  of  v.  Kobell.  Hausmann,  Des 
Cloizeaux;  Augitic  of  Haidinger;  Oblique  oi  Miller;  Monasymmetric  of  Groth  (1876). 

TiuCLiNic.  Tetarto-prismatic  of  Mohs;  Ein-und-eingliedrige  of  We  ss;  Tricliiwhedrd 
of  Man  man  n;  Clinar/tombaidal  of  v.  Kobell;  Anort^iie  of  Haidinger  and  M  llcr;  Anorthic. 
or  Do^ibly  Oblique,  of  Des  Cloizeaux;  As/fmmetric,  of  Grotli  (1870). 

As  remarked  later,  some  authors  prefer  to  divide  the  thirty-t^^'o  symmetry  groups  into 
4«rt?«n  systems,  referring  the  tio-called  rbombohedral  forms  to  three  equal  axes  with  equal 
oblique  intersections;  this  is  the  trigonal  system  of  Groth  (1896). 

24.  Each  one  of  the  six  systems,  as  will  be  understood  from  Art.  21, 
embraces  several  groups  differing  among  themselves  in  their  symmetry. 
One  of  these  groups  is  conveniently  called  the  normal  group,  since  it  is  in 
general  the  common  one,  and  since  further  it  exhibits  the  highest  degree  of 
symmetry  possible  for  the  given  system,  while  the  others  are  lower  in  grade 
of  symmetry. 

It  is  important  to  note  that  the  groups  comprised  within  a  given  system 
Are  at  once  essentially  connected  together  by  their  common  optical  characters, 
and  in  general  separated  *  from  those  of  the  other  systems  in  the  same  way. 

In  the  paragraphs  immediately  following,  a  synopsis  is  given  of  the  sym- 
metry of  the  normal  group  of  each  of  the  different  systems,  and  also  that  of 
one  subordinate  group  of  the  hexagonal  system,  which  is  of  so  great  impor- 
tance that  it  is  also  often  conveniently  treated  as  a  sub-system  even  when,  as 
in  this  work,  the  forms  are  referred  to  the  same  axes  as  those  of  the  strictly 
hexagonal  type — a  usage  not  adopted  by  all  authors. 

26.  Symmetry  of  the  Systems. — With  respect  to  the  symmetry  of  the  form, 
which  finds  practical  expression,  as  before  stated,  in  the  axial  relations,  the 
normal  groups  under  the  different  systems  are  characterized  as  follows. 

I.  Isometric  System.  Three  like  axial  f  planes  of  symmetry  (principal 
planes)  parallel  to  the  cubic  faces,  and  fixing  by  their  intersection  the 
crystallographic  axes;  six  like  diagonal  planes  of  symmetry,  passing  through 
each  opposite*  pair  of  cubic  edges,  and  hence  parallel  to  the  faces  of  the 
rhombic  dodecahedron. 

Further,  three  like  axes  of  tetragonal  symmetry,  the  cubic  or  crystallo- 
graphic axes;  four  like  axes  of  trigonal  symmetry,  the  octahedral  axes;  and 
six  like  axes  of  binary  symmetry,  the  dodecahedral  axes.  There  is  ulso 
obviously  a  center  of  symmetry.!  These  relations  are  illustrated  by  Fig  2S; 
also  by  Fig.  41 ;  further  by  Figs.  70  to  110. 

•Crystals  of  the  tetragonal  and  hexagonal  systems  are  alike  in  being  optically  unaxial; 
but  the  crystals  of  all  the  other  systems  have  distinguishing  optical  cbaractere. 

f  Two  planes  of  symmetry  are  said  lo  be  like  when  they  divide  the  ideal  crystal  into 
halves  which  are  identical  to  each  other;  otherwise,  they  are  said  to  be  unlike.  Axes  of 
symmetry  are  also  like  or  unlike.  If  a  plane  of  symmetry  includes  two  of  the  crystallo- 
graphic axes,  it  is  called  an  axial  plane  of  symmetry.  If  the  plane  includes  two  or  more 
like  axes  of  symmetry,  it  is  called  a  principal  plane  of  symmetry;  also  an  axis  of  symmetry 
in  which  two  or  more  like  planes  of  symmetry  m<et  is  a  principal  axis  of  symmetry. 

X  In  describing  the  symmetry  of  the  different  groups,  here  and  later,  the  center  of 
symmetry  is  ordinarily  not  mentioned  when  its  presence  or  absence  is  obvious. 
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II.  Tetragonal  System.  Three  axial  planes  of  symmetry:  of  these  two 
are  like  plaaes  intersecting  at  90"  in  a  line  which  is  the  yertical  crystallo- 
fraphic  axis,  and  the  third  plane  (a  principal  plane)  is  normal  to  them  and 
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hence  contains  the  lateral  axes.  There  are  also  two  diagonal  planes  of  sym- 
metry, intersecting  in  the  vertical  axis  and  meeting  the  two  axial  planes  at 
angles  of  45°. 

Further,  there  is  one  axis  of  tetragonal  symmetry,  a  principal  axis;  this  is 
the  vertical  crystallographic  axis.  There  are  also  in  a  plane  normal  to  this 
four  axes  of  binary  symmetry — like  two  and  two — those  of  each  pair  at  right 
angles  to  each  other.  Fig.  29  shows  a  typical  tetragonal  crystal,  and  Fig.  30 
a  basal  projection  of  it,  that  is,  a  projection  on  the  principal  plane  of  sym- 
metry normal  to  the  vertical  axis.     See  also  Fig.  42  and  Figs.  149-171. 

Ill,  Hexagonal  System,  In  the  Hexagonal  Division  there  are  four 
axial  planes  of  symmetry;  of  these  three  are  like  planes  meeting  at  angles  of 
60",  their  intersection -line  being  the  vertical  crystallographic  axis;  the  fourth 
plane  (a  principal  plane)  is  at  right  angles  to  these.  There  are  also  three 
other  diagonal  planes  of  symmetry  meeting  the  three  of  the  first  set  in  the 
vertical  axis,  and  making  with  them  angles  of  30°. 


Beryl 
Further,  there  is  < 


Beryl. 


8  principal  axis  of  hexagonal  symmetry;  this  is  the 
vertical  crystallographic  axis;  at  right  angles  to  it  there  are  also  six  binary 
axes.  The  last  are  in  two  sets  of  three  each.  Fig.  31  shows  a  typical 
hexagonal  crystal,  and  Fig.  32  a  basal  projection  of  the  same.  See  alsc 
Pig.  43  and  Figs.  195-309. 
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In  tlie  Trigonal  or  Rhomioliedral  Division  of  thia  syBtem  tliere  are  three 
like  planes  of  symmetry  Juteraectiiig  at  angles  of  60  in  the  vertical  axis. 
Further,  the  forms  belonging  here  have  a  vertical  principal  axis  of  trigonal 
symmetry,  and  three  horizontal  axes  of  binary  symmetry,  diagonal  in  poeition 
to  the  crystallographic  axes.  Fig.  33  shows  a  typical  rhombobedral  crystal, 
and  Fig.  34  a  basal  projection.     See  also  Figs.  226-352. 
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IV,.  Orthorhombic  System,  Three  unlike  planes  of  symmetry  meeting 
at  90°,  and  fixing  by  tlieir  intersection -lines  the  position  of  the  crystallo- 
graphic  axes.  Further,  three  unlike  axes  of  binary  symmetry  coinciding  with 
the  last-named  axes.  Fig.  35  shows  a  typical  orthorhombic  crystal,  and 
Fig.  36  a  basal  projection.     See  also  Fig.  44  and  Figs.  375-303. 

V.  MoNOCLiNic  System.  One  plane  of  symmetry  which  contains  two  of 
the  crystallographio  axes.  Also  one  axis  of  binary  symmetry,  normal  to  this 
plane  and  coinciding  with  the  third  crystallographic  axis.  See  Figs.  37-30; 
also  Fig.  45  and  Figa.  312-337. 


Pyroiene. 


Pyroxene. 


VI.  Triclinic  System.  No  plane  and  no  axis  of  symmetry,  bnt  sym- 
metry solely  with  respect  to  the  central  point.  Fig.  40  and  Fig.  46  show 
typical  triclinic  crystals.     See  also  Figs.  333-341, 

26.  The  relations  of  the  normal  groups  of  the  different  systems  are  further 
illustrated  both  as  regards  the  crystallographic  axes  and  symmetry  by  the  accom- 
panying flgnree,  41— IG.  The  exterior  form  is  here  that  bounded  by  faces  each 
of  which  is  parallel  to  a  plane  through  two  of  the  crystallographic  axes 
indicated  by  the  central  broken  lines.  Further,  there  is  shown,  within  this,  the 
combination  of  faces  each  of  which  joins  the  extremities  of  the  unit  lengths 
of  the  axes. 
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The  full  understanding  of  the  Biibject  will  not  be  gained  until  after  a 
atudy  of  the  forms  of  each  ayatem  in  detail.  Nevertheleea  the  student  will  do 
well  to  make  hiniaelf  familiar  at  the  outset  with  the  fundamental  relations 
here  illnstrated. 


It  will  be  shown  later  that  the  symmetry  of  the  different  groups  can  be 
most  clearly  and  easily  exhibited  by  the  use  of  the  spherical  projfjction  ex- 
plained in  Art.  39  el  aeq. 


IT-  : 


31ass  (or  transparent  celluloid)  models  UluslratlDg  tbe  different  sysK 
la  Hbuwn  {d  FigB.  41M6.  will  be  very  useful  to  the  student,  especlalt 


baving  the  forms  sbown  io  Figs.  41 M6.  will  be  very  useful  to  tCe  student,  especially  in 
lesroiiig  the  fundamental  relations  as  regards  symmetry.  Tliey  should  fhow  witbln  the 
crystal lozraphic  axes,  and  by  colored  threads  or  wires  tfie  outliues  of  one  or  more  simple 
forms.  Models  •  of  wood  are  also  made  in  great  variety  and  perfection  of  form;  tbese  are 
ludbpetiaable  to  the  student  [a  mastering  the  principles  of  cry^liillogmpliy. 

28.  So-o&Ued  Holohedral  and  Hemihedral  Forms. — It  will  appear  later  that 
each  crvBtal  form  |  of  the  normal  group  in  a  giTen  system  embraces  all  the 
faces  which  have  a  like  geometrical  position  with  reference  to  the  crystallo- 
graphic  axes;  such  a  form  is  said  to  be  holohedral  (from  oXoS  and  eSpn,  face). 
On  the  other  hand,  under  the  groups  of  lower  symmetry,  a  certain  form,  while 
neceaaarily  having  all  the  faces  which  the  symmetry  allows,  may  yet  have  but 
half  m  many  ae  the  corresponding  form  of  the  normal  group;  these  half -faced 
forms  are  BOmetimes  called  on  this  acconnt  hemihedral.  Furthermore,  it  will 
be  seen  that,  in  such  cases,  to  the  given  holohedral  form  there  correspond  two 
similar  and  complementary  hemihedral  forms,  called  respectively  plus  and 
minus  (or  right  and  left),  which  together  embrace  all  of  its  faces. 
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A  single  example  will  help  to  make  the  above  statement  intelligible.  In  the  normal 
^roup  of  the  isometric  system,  the  octahedrou  (Fi^.  47)  is  a  ''holohedral"  form  with  all 
the  possible  faces— eight  iu  number — which  are  alike  in  that  they  meet  the  uxes  at  equal 
•distauces.  In  the  tetrahedral  group  of  the  same  system,  the- forms  are  referred  to  the  same 
-crystallographic  axes,  but  the  symmetry  defined  in  Art.  19  (and  more  fully  later)  calls  for 
but  four  similar  faces  having  the  position  described.  These  yield  a  four- faced,  or  "  hemi- 
hedral."  form,  the  tetrahedron.  Figures  48  and  49  show  the  plus  and  minus  tetrahedron, 
-which  together,  it  will  be  seen,  embrace  all  the  faces  of  the  octahedron,  Fig.  47. 


47. 


48. 


49. 


60. 


In  certain  groups  of  still  lower  symmetry  a  given  crystal  form  may  have 
but  one-quarter  of  the  faces  belonging  to  the  corresponding  normal  form,  and, 
after  the  same  method,  such  a  form  is  sometimes  called  tetartohedral. 

The  development  of  the  various  possible  kinds  of  hemihedral  (and  tetarto- 
hedraU  forms  under  a  given  system  nas  played  a  prominent  part  in  the  crystal- 
lograpny  of  the  past,  but  it  leads  to  much  complexity  ana  is  distinctly  less 
simple  than  the  direct  statement  of  the  symmetry  in  each  case.  The  latter 
method  is  systematically  followed  in  this  work,  and  the  subject  of  hemihedrism 
is  dismissed  with  the  brief  (and  incomplete)  statements  of  this  and  the  follow- 
ing paragraphs. 

29.  Hemimorpliic  Forms. — In  several  of  the  systems,  forms  occur  under  the 
groups  of  lower  symmetry  than  that  of  the  normal  group  which  are  character- 
ized by  this :  that  there  is  no  transverse  plane  of  sym- 
metry, but  the  faces  present  are  only  those  belonging  to 
one  extremity  of  an  axis  of  symmetry  (and  crystallo- 
graphic axis).  Such  forms  are  conveniently  called  hemi- 
morphic  forms.  A  simple  example  under  the  hexagonal 
system  is  given  in  Fig.  50.  It  is  obvions  that  hemi- 
morphic  forms  have  no  center  of  symmetry. 

30.  Molecular  Networks. — Much  light  has  recently 

been  thrown  upon  the  relations  existing  between  the 

different  types  of  crystals,  on  the  one  hand,  and  of  these 

to  the  physical  properties  of  crystals,  on  the  other,  by 

tlie  consideration  of  the  various  possible  methods  of 

grouping  of  the  molecules  of  which  the  crystals  are 

supposed  to  be  built  up.   This  subject,  very  early  treated 

by  Haiiy  and  others  (including  J.  D.  Dana),  was  discussed  at  length  by  Fran- 

kenheim  and  later  by  Bravais.     More  recently  it  has  been   extended   and 

•elaborated  by  Sohncke,  Wulff,  Schonfliess,  Fedorow,  Barlow,  and  others.* 

All  solid  bodies,  as  stated  in  Art.  7,  are  believed  to  be  made  up  of  definite 


Ziucite. 


*  See  the  literature  following  Art.  82. 
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physical  tiuits,  called  the  pliyeical,  or  crystal,  moleculcB.  Of  the  form  of  the 
tnoleculea  nothing  is  defiuitelj  known,  and  though  theory  hae  something  to  aay 
about  their  size,  it  ia  enough  here  to  anderstand  that  they  are  almoBt  infinitely 
small,  80  small  that  the  surface  ot  a  solid — e.g.  of  a  crystal^may  appear  to  the 
touch  and  to  the  eye,  even  when  assisted  by  a  powerful  microscope,  as  perfectly 
smooth. 

The  molecules  are  further  believed  to  be  not  in  contact  but  separated  from 
one  another —  if  in  contact,  it  would  be  impossible  to  explain  the  motion  to  which 
the  sensible  lieat  of  the  body  ia  due,  or  the  transmieaion  of  radiation  (radiant 
heat  and  light)  through  the  mass  by  the  wave  motion  of  the  ether,  which  is 
believed  to  penetrate  tue  body. 

When  a  body  paasee  from  the  state  of  a  liquid  or  a  gas  to  that  of  a  solid, 
under  such  conditions  as  to  allow  perfectly  free  action  to  the  forces  acting 
between  the  molecules,  the  result  is  a  crystal  of  some  definite  type  as  regards 
symmetry.  The  aimplest  hypothesis  wnich  can  be  made  assumes  that  the 
iorm  of  the  crystal  is  determined  by  the  way  in  which  the  molecules  ^roup 
themselves  together  in  a  position  of  equilibrium  under  the  action  of  the  inter- 
molecular  forces. 

As,  however,  the  forces  between  the  molecules  vary  in  magnitude  and  direc- 
tioD  from  one  type  of  crystal  to  another,  the  resultant  grouping  of  the  molecules 
must  also  vary,  particularly  as  regards  the  distance  between  them  and  the 
angles  between  the  planes  in  which  they  lie.  This  may  be  simply  represented 
b;  a  series  of  geometrical  diagrams,  showing  the  hypothetical  groupings  of 


points  which  are  Btrictly  to  be  regarded  as  the  centers  of  gravity  of  the  mole- 
cules themselves.  Such  a  grouping  is  named  a  nettoork,  or  point-system,  and 
it  ia  said  to  be  regular  when  it  is  the  same  for  all  parallel  lines  and  planes, 
however  they  be  taken.  For  the  fundamental  observed  fact,  true  in  all  simple 
crystals,  that  they  have  like  physical  properties  in  all  parallel  directions,  leads 
to  the  conclusion  that  the  grouping  of  the  molecules  must  be  the  same  about 
«ach  one  of  them  (or  at  least  about  each  unit  group  of  them),  and  further  the 
same  in  all  parallel  lines  and  planes. 

The  subject  may  be  illustrated  by  Figs.  51,  53  for  two  typical  cases,  which 
are  easily  understood.  In  Fig.  51  the  most  special  case  is  represented  where 
the  points  are  grouped  at  equal  distances,  in  planes  at  right  angles  to  each 
other.    Th»  •tructure  in  this  case  obviously  corresponds  in  symmetry  to  tha 
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cube  described  in  Arts.  15  and  16^  or,  in  other  words^  to  the  normal  CToup  of 
the  isometric  system.  Again^  in  Fig.  52,  the  general  case  is  shown  where  the 
molecules  are  unequally  s^rouped  in  the  three  directions,  and  further  these 
directions  are  oblique.  The  symmetry  is  here  that  of  the  normal  group  of  the 
triclinic  system. 

If,  in  each  of  these  cases,  the  figure  be  bounded  by  the  simplest  possible 
arrangement  of  eight  points,  the  result  is  an  elementary  parallelopiped,  which 
obviously  defines  the  molecular  structure  of  the  whole.  In  the  grouping  of 
these  parallelepipeds  together,  as  described,  it  is  obvious  that  in  whatever 
direction  a  line  be  drawn  through  them,  the  points  (molecules)  will  be  spaced 
alike  along  it,  and  the  grouping  about  any  one  of  these  points  will  be  the  same 
as  about  any  other. 

31.  Certain  important  conclusions  can  be  deduced  from  a  consideration  of 
such  regular  molecular  networks  as  have  been  spoken  of,  which  will  be 
enumerated  here  though  it  is  impossible  to  attempt  a  full  explanation. 

(1)  The  prominent  crystalline  faces  must  be  such  as  include  the  largest 
number  of  points,  that  is,  those  in  which  the  points  are  nearest  together. 

Thus  in  Fig.  53,  which  represents  a  section  of  a  network  conforming  in 
symmetry  to  the  structure  of  a  normal  orthorhombic  crystal,  the  common  crystal- 
line faces  would  be  expected  to  be  those  having  the  position  bb,  aa,  mm,  then 


63. 


lly  nn,  and  so  on.  This  is  found  to  be  true  in  the  study  of  crystals,  for  the 
common  forms  are,  in  nearly  all  cases,  those  whose  position  bears  some  simple 
relation  to  the  assumed  axes;  forms  whose  position  is  complex  are  usually 
present  only  as  small  faces  on  the  simple  predominating  forms,  that  is,  as 
modifications  of  them.     So-called  vicinal  forms,  that  is,  forms  taking  the  place 
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of  the  simple  fundamental  forms  to  which  they  approximate  very  closely  in 
angular  position,  are  exceptional. 

(2)  When  a  variety  of  faces  occur  on  the  same  crystal,  the  numerical  rela- 
tion existing  between  them  (that  which  fixes  their  position)  must  be  rational 
and,  as  stated  in  (1),  a  simple  numerical  ratio  is  to  be  expected  in  the  common 
cases.  This,  as  explained  later,  is  found  by  experience  to  be  a  fundamental 
law  of  all  crystals.  Thus  in  Fig.  53,  starting  with  a  face  meeting  the  section 
in  vim,  II  would  be  a  common  face,  and  for  it  the  ratio  is  1:2  in  the  directions 
h  and  a\  nii  would  be  also  common  with  the  ratio  2:1. 

(3)  If  a  crystal  shows  the  natural  easy  fracture,  called  cleavage,  due  to  a 
minimum  of  cohesion,  the  cleavage  surface  must  be  a  surface  of  relatively  great 
molecular  crowding,  that  is,  one  of  the  common  or  fundamental  faces.  This 
follows  (and  thus  gives  a  partial,  though  not  complete,  exj)lanation  of  cleav- 
age) since  it  admits  of  easy  proof  that  that  plane  in  which  the  points  are 
closest  together  is  farthest  separated  from  the  next  molecular  plane.  Thus  in 
Fig.  53  compare  the  distance  separating  two  adjoining  planes  parallel  to  bh  or 
€ia\  then  two  parallel  to  mm,  u,  nn,  etc.  Illustrations  of  the  above  will  be 
found  under  the  special  discussion  of  the  subject  of  cleavage. 

32.  Kinds  jof  Molecular  Oroupings. — The  discussion  on  the  basis  just 
described  shows  that  there  are  fourteen  possible  types  of  arrangement  of  the 
molecules.  These  agree  as  to  their  symmetry  with  toe  seven  groups  defined  in 
Art.  25  as  representing  respectively 
the  normal  groups  of  the  six  systems 
with  also  that  of  the  trigonal  (or 
the  rhombohedral)  division  of  the 
hexagonal  system.  Of  the  fourteen, 
three  groupings  belong  to  the  iso- 
metric system  (these  are  shown,  for 
«ake  of  illustration,  in  Fig.  54,  a,b,c,  from  Groth);  two  to  the  tetragonal;  one 
each  to  the  hexagonal  and  the  rhombohedral ;  four  to  the  orthorhombic  sys- 
tem; two  to  the  monoclinic,  and  one  to  the  triclinic. 

In  its  simplest  form,  as  above  outlined,  the  theory  fails  to  explain  the  ex- 
istence of  the  groups  under  the  several  systems  of  a  symmetry  lower  than  that 
of  the  normal  group.  It  has  been  shown,  however,  by  Sohncke  and  later  by 
Fedorow,  Schonflies  and  Barlow,  that  the  theory  admits  of  extension.  The 
idea  supposed  by  Sohncke  is  this:  that,  instead  of  the  simple  form  shown,  the 
net  wort  may  consist  of  a  double  system,  one  of  which  may  be  conceived  of  as 
having  a  position  relative  to  the  other  (1)  as  if  pushed  to  one  side,  or  (2)  as  if 
rotated  about  an  axis,  or  finally  (3)  as  if  both  rotated  as  in  (2)  and  displaced 
as  in  (1).  The  complexity  of  the  subject  makes  it  impossible  to  develop  it 
here.  It  must  suffice  to  say  that  with  this  extension  Sohncke  concludes  that 
there  are  65  possible  groups.  This  number  has  been  further  extended  to  230 
by  the  other  authors  named,  but  it  still  remains  true  that  these  fall  into  32 
distinct  types  as  regards  symmetry,  and  thus  all  the  observed  groups  of  forms 
among  crystals,  described  under  the  several  systems,  have  a  theoretical 
explanation. 

Literature. — A  complete  understanding  of  this  subject  can  only  be  gained 
by  a  careful  study  of  the  many  papers  devoted  to  it,  a  partial  list  of  which  is 
aaded  below.  Further  references  particularly  to  the  early  literature  are 
given  in  Sohncke's  work  (see  below).  An  excellent  and  very  clear  summary  of 
the  whole  subject  is  given  by  Groth  in  the  third  edition  of  his  Physikalische 
Srystallograpnie,  1895. 


22  CRYSTALLOGRAPHY. 

Early  paperi  : 

Frankenheim.  De  Ciystallorum  Cobcesione,  1829;  also  in  Baurogartner's  Zeitschrift 
far  Physik,  9.  94,  194.  1881.  Die  Lehre  yod  der  Cohftsion,  Breslau.  1885.  Ueber  die  An- 
ordnuDg  der  MolecUle  im  Krystall;  Pogg.,  97,  837,  1856. 

Hesiel.  Article  '  Krystall '  in  Gebler  s  pbysikal.  WOrterbuch,  5,  1880  (see  Sohncke,  Zs.' 
Kryst.,  18,  486). 

Bravais.  Memoire  sur  les  syst^mes  formes  par  des  points  distribu^s  regiili^rement  sur 
un  plan  ou  dans  Tespace,  Paris,  1850;  and  in  Etudes  cristallographiqiies.  Paris,  1866. 

Gadolin.  Act.  Boc.  Fennicfie,  9, 1,  1871  (republished  in  Oslwald's  Klass.ker  d.  exakten 
Wissenscbufteu,  No.  75). 

Later  toorks  and  papers  : 

Barlow.    Nature.  29,  186,  205,  1888;  Zs.  Eryst.,  23,  1,  1894;  26,  86, 1895;  Min.  Mag., 
11,  119,  1896,  and  Zs.  Kryst.,  27,  449,  468,  1896:  R.  Dublin  Soc.  8,  527,  1897,  and  Zs^ 
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GENERAL  MATHEMATICAL  RELATIONS  OF 

CRYSTALS. 

33.  Axial  Ratio,  Axial  Plane. — Tlie  crystallographic  axes  have  been  defined 
(Art.  22)  as  certain  lines,  usually  determined  by  the  symmetry,  which  are  used 
in  the  description  of  the  faces  of  crystals,  and  in  the  determination  of  their 
position  and  angular  inclination.     With  these  objects  in  view,  certain  lengths 

55.  of  these  axes  are  assumed  as  units  to  which  the 

occurring  faces  are  referred. 

The  axes  are,  in  general,  lettered  a,  h,  c,  to 
correspond  to  the  scheme  in  Fig.  55.  To  aid  the 
memory,  the  letters  may  be  further  distinguished; 
as  d  (vertical  axis) ;  liy  T  (shorter  and  longer  lateral 
axes),  etc. 

If  two  of  the  axes  are  equal,  they  are  desig- 
nated iiy  fl,  (5;  if  three,  a,  a,  a.  In  one  system,  the 
hexagonal,  there  are  four  axes,  lettered  ff,  a,  a,  t. 

Further,  in  the  systems  other  than  the  isomet- 
ric, one  of  the  lateral  axes  is  taken  as  the  unit  to 
which  the  other  axes  are  referred;  hence  the  lengths  of  the  axes  express 
strictly  the  axial  ratio.  Thus  for  sulphur  (orthorhombic,  see  Fig.  57)  the 
axial  ratio  is 

d\  I:  i-  0-8131  :  1  :  1-9034, 
For  rutile  (tetragonal)  it  is 

a:  6  —  1'.  0-64415,    or,    simply,  6  =  0-64415. 
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The  plane  of  any  two  of  the  axes  is  called  an  nxinl  plane,  and  the  space 
inclnded  liy  the  three  axial  planes  is  an  octant,  since  the  total  space  about  the 
center  is  tnna  divided  by  the  three  axes  into  eight  parts.  In  the  hexagonal 
system,  however,  where  there  are  three  lateral  axes,  the  space  about  the  center 
is  divided  into  12  parts,  or  aectants. 

94.  Parameten,  Symbol.— The  parameters  of  a  plane  are  its  intercepts  on 
the  assumed  axes.  The  syvibol  expresses,  often  in  abbreviated  form,  the 
relation  of  these  intercepts  to  certain  lengths  of  the  axes  taken  aa  units. 

For  example,  in  Fig.  56  let  the  lines  OX,  OY,  OZ  be  taken  as  the  direc- 
tions of  the  cryatallographic  axes,  and  let  OA,  OB,  OC  represent  the  unit 
lengths,  designated  (always  in  the  same  order)  by  the  letters  a,  b,  c.  Then  the 
parameters  (or  the  plane  (I)  HKL  are  OH,  OS,  OL;  for  the  plane  (2)  RIfM 
they  are  OR,  ON,  OM.  But  in  terms  of  the  unit  lengths  these  are, 
respectively. 


(1) 


1 


or         (3)     \a:\b: 


These  two  expressions  are  identical,  since  the  two  planes  HKL,  MNR  are 
parallel  and  hence  crystallographically  the  same.  Obviously  each  of  the  above 
expressions  may  be  changed  into  the  other  by  mnltiplying  (or  dividing)  by  4. 


It  will  be  noted  that  in  (1)  the  numerstors  of  the  fractional  numbers  express- 
ing the  relation  to  the  axes  are  all  unity;  while  in  (2)  the  number  referring 
to  one  of  the  lateral  axes  {a)  is  made  unity.  The  significance  of  this  distinc- 
tion will  appear  at  once. 

The  general  expression  for  any  plane  referred  to  these  axes,  written  after 
the  same  method,  will  be 


(1) 


1 


1 


(2)     \a  :  nb  :  mc 
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Here  in  (I)  the  numbers,  or  indices,  hkl  (in  the  case  above,  432)  .constitute 
the  symbol  after  the  method  of  Miller  (1839;  earlier  developed  oy  Whewell 
and  Grassmann). 

The  second  form  (2)  is  the  symbol  essentially  as  early  written  by  Weiss. 
This  last  was  contracted  by  Naumann  to  mPn  {mOn  in  the  isometric  system), 
the  axes  bein^  omitted  from  the  expression  and  the  order  reversed;  the  same 
with  the  omission  of  the  P  (or  u),  m-iiy  is  adopted  in  Dana's  System  of 
Mineralogy,  in  the  last  edition  (1892)  of  which  wort,  however,  the  Miller  sym- 
bols are  given  the  preference. 

In  the  hexagonal  system  there  are  assumed  four  axes,  three  of  them  lateral 
axes.  Corresponding  to  this,  in  the  symbols  after  the  method  of  Miller  as 
adapted  by  Bravais,  there  are  four  indices,  hkll.  The  relation  of  these  to  the 
axes  is  the  same  as  in  the  other  cases,  as  explained  under  the  hexagonal 
fivstem. 

The  following  are  other  examples  of  planes  with  the  symbols  written  after 
the  two  methods  given.  It  will  be  seen  that  the  respective  expressions  under 
(1)  and  (2)  are  identical. 

(1)  (2) 

Miller^s  Symbol  Naumann  *b  SymboL 

2*'  2**  r^ ^^         ^^         la:  16:2<J 2Por2 

^a:  \b'.  i-c 212         "         la:  26:1c P2  or  1-2 

^a\^h:jO 201         "         la:ooft:2c 2Pboor2.t 

-la:  \h',  i<j 210         "  la:  26:ao<j ooP2ort.2 

-T-a:rr6:^<j 100         «*  la:oo6:ooc coPcoovi-% 

If  the  axial  values  are  measured  behind  for  the  axis  a,  to  the  left  for  ft,  or 
below  for  c,  they  are  called  negative,  and  a  minus  sign  is  placed  over  the 
corresponding  number  of  the  Miller  symbols;  as, 

-2^-  -2*^2-' 

II  is  sometimes  stated  that  Naiimann's  symbols  are  the  more  easy  of  compreliensioa 
because  more  readily  referred  to  the  axes,  and  this  is  in  a  measure  true.  If  tlie  stiideut. 
however,  will  accustom  himself  to  think  of  the  Miller  symbols  in  the  form  given  above,  that 
is,  always  as  the  denominators  of  the  fractional  values  of  the  axes  whose  numeratoi-s  are 
unity,  he  will  never  have  any  trouble  in  seeing  the  position  of  a  given  plane  relatively  to 
the  axes.  He  must  remember  that  the  order  is  always  that  given  above,  h,  k,  and  I  refer- 
rini;  respectively  to  the  axes  a,  b,  and  c;  moreover,  he  will  note  that  a  zero,  0,  always 

means  that  the  given  plane  is  parallel  to  the  axis  to  which  it  refers,  since  —  =  oo. 

With  the  symbols  of  Naumann,  the  m,  written  first,  always  refers  to  the  vertical  axis, 
while  the  n,  which  follows,  and  is  always  greater  than  unity,  refers  to  one  of  the  lateral 
axes,  the  other  being  made  unity.  To  which  lateral  axis  the  n  belongs  is  often  indicated 
by  a  mark  over  the  n  (n,  or  n,  or  n).  or  attached  to  the  Pas  explained  under  the  different 
systems.  When  m  =  1.  it  is  omitted  before  the  Por  0  (but  not  so  when  the  Pis  dropped); 
and  when  n  =  1,  it  is  omitted  in  all  ras'  s. 

Otlier  systems  of  symbols,  beside*  the  two  explained,  have  also  been  or  still  are  in  use, 
sis  those  of  Weiss,  of  Mohs  and  Haidiuger,  Hausmann,  L6vy,  Goldschmidt,  and  others. 


Miller. 

Miller. 

221 

-2^^o*^T' 

201 
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Of  tliese  Ibe  symbols  of  Weiss  are  essentially  those  already  given  (under  2,  p.  2!)  whfcli, 
abbreviate.!  (and  inverted  in  order),  were  adopted  by  Naumanu.  The  symbols  of  Levy 
have  been  extensively  used  by  the  French  school  of  mineralogists.  A  very  full  explanation 
of  all  the  different  systems,  as  of  that  recently  devised  bv  himself,  is  given  in  Goldschmidt*8 
Index  (18^^6-1891).  Transformation  eouations  for  the  important  casts,  are  given  by  Grolh 
(Phys.  Kryst.),  Mai  lard  (Crist.,  vol.  1),  Liebisch  (Kryst.),  and  others  ;  see  p.  2. 

35.  Law  of  Eational  Indices. — The  study  of  crystals  has  established  the 
general  law  that  the  ratios  between  the  intercepts  on  the  axes  for  any  face  on 
a  crystal  to  those  of  any  other  face  can  always  be  expressed  by  rational 
numbers.     These  ratios  may  be  1:2,  2:1,  2:3,  1 : 0  (cao :  1 ),  etc.,  but  never 

1 :  V2,  etc.  Hence  the  values  of  hkl  in  the  Miller  symbols  must  always  be 
either  whole  nnmhers  or  zero,  and  similarly  the  m  and  n  of  Naumann's  symbols 
may  be  whole  numbers  or  fractions,  or  infinity. 

If  the  form  whose  intercepts  on  the  axes.^K,  h,  c  determine  their  assumed 
unit  lengths — the  U7nt  form  as  it  is  called — is  well  chosen,  these  numerical 
values  of  the  indices  are  in  most  cases  very  simple.  In  the  Miller  symbols, 
0  and  the  numbers  from  1  to  6  are  most  common. 

The  above  law,  which  has  been  established  as  the  result  of  experience,  in 
fact  follows  from  the  consideration  of  the  molecular  structure  as  ninted  at  in 
an  earlier  paragraph  (Art.  31). 

The  law  of  rational  indices  finds  an  illustration  later  under  the  isometric  system.  It  is 
stated  there  that  three  of  the  five  regular  solids  of  geometry,  viz.,  the  cube,  octahedron, 
and  the  regular  triangular  pyi-amid  (crystallographically  the  tetrahedron)  all  occur  among 
crystals;  the  regular  pentagonal  dodecahedron  and  icosahedron,  on  the  contrary,  are  im- 
possible forms.    This  is  true  because  the  ratios  of  their  intercepts  on  the  axes  for  such  forms 

would  be  irrational;  thus  for  the  regular  dodecahedron  the  ratio  would  be  1 :  -  "^  ^*^ 


2 

There  are,  ifris  true,  two  forms  respectively  twelve-sided  and  twenty-sided  which  approx- 
imate to  these  regular  solids,  but  their  faces  in  the  first  case  are  not  all  regular  pentagons, 
and  in  the  second  they  are  not  all  regular  triangles.  In  the  latter  case  it  will  be  seen  that 
the  twenty  faces  in  fact  belong  to  two  distinct  forms,  eight  of  one  and  twelve  of  the  other. 

36.  Form. — A  form  in  crystallography  includes  all  the  faces  which 
have  a  like  position  relative  to  the  planes,  or  axes,  of  symmetry.  The  full 
meaning  of  this  will  be  appreciated  after  a  study  of  the  several 
systems.  It  will  be  seen  that  in  the  most  general  case,  that  of  a 
form  having  the  symbol  (hkl)y  whose  planes  meet  the  assumed 
unit  axes  at  unequal  lengths,  there  must  be  forty-eight  like 
faces  in  the  isometric  system  *  (see  Fig.  101),  twenty-four  in  the 
hexagonal  (Fig.  201),  sixteen  in  the  tetragonal  (Fig.  166),  eight 
in  the  orthorhombic  (Fig.  57),  four  in  the  monoclinic,  and  two 
in  the  triclinic.  In  the  first  four  systems  the  faces  named  yield 
an  enclosed  solid,  and  hence  the  form  is  called  a  closed  form;  in 
the  remaining  two  systems  this  is  not  true,  and  such  forms  in  these 
and  other  casei?  are  called  open  forms.  Fig.  275  shows  a  crystal 
boundei  by  three  pairs  of  unlike  faces;  each  pair  is  hence 
an  open  form.     Figs.  58-61  show  open  forms. 

The  unii  or  fundamental  form  is  one  where  parameters  correspond  to  the 
assumed  unit  lengths  of  the  axes.  Fig.  57  shows  the  unit  pyramia  of  sulphur 
whose  symbol  is  (111);  it  has  eight  similar  faces,  the  position  of  which  deter- 
mines tne  ratio  of  the  axes  given  in  Art.  33. 


The  normal  group  is  referred  to  in  each  case. 
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Tbe  forma  In  Ihe  tsomctrtc  Byatem  tiiive  special  ioiUvidiial  Dnmes,  given  later.  In  th» 
other  Byalems  certaiu  generiLl  names  are  employed  wlilcli  may  be  briefly  mentioned  here. 
A  form  whtiee  faces  iiru  parallel  tu  lwo  uf  the  axes*  Is  called  a  ptnaeoid  (from  xiya^,  a. 
bonrd,  U  la  shown  in  Fig.  58.  One  whose  faces  are  parallel  to  the  verllcal  ails  but  meet 
both  tbe  Interul  aies  is  c&lleil  a  prirm,  as  Fig.  5B.  If  tbe  faces  are  parallel  to  one  lateral 
axis  only,  it  la  a  d^tu  (Figs.  60.  61).  If  the  faces  meet  all  tbe  axes,  the  form  iatipgrnmid 
(Fig.  57);  llila  name  is  given  even  If  there  la  only  one  face  belonpiog  to  the  form. 

Id  I'lg.  63.  a  (100),  b  tOlO).  e  (001)  are  plnacoids;  m  (110),  i  (120)  are  prisms;  d  (101).  also 
A(011),l:{031)  are  domes;  all  these  are  open  forma.  Finally,  «(111), /(ISl)  are  pyramids, 
and  In  this  case  tbcy  are  closed  forms.  The  relation  existing  in  each  of  these  cases  betwaea 
tbe  symbol  and  the  position  of  tbe  faces  to  the  axes  should  be  carefully  studied. 


Basal  Pinacold. 

Prism. 

(001) 

(HO) 

(101) 

(A*0) 

(AOi) 

As  shown  in  the  aboye  cases,  the  symbol  of  a/orm  Is  usually  Included  In  parentheses, 

.,..,  ,,AA,.  .^,. L.  ,_  '--'--- [111]  or  .(111  >.    If  the  symbol  Is  written  without 

single  face  of  the  form  only.     Note  also  Ibat  with 


as  (lit),  (100);  or  it  may  be  In  brackets 
parenlheals,  as  111.  It  uaually  t;f^fers  lo  a 
tbe  Hlljor  symbols,  each  face  of  a  given  forVn  has 


111  }.    If  the  symbol  is  written  without 

-'  "-  form  only.     Note  a'--  "- '"- 

n dividual  symbol, 
of  faces  ou  &  crystal  whose  intersection- 


87.  Zone. — A  zone  includes  a 
linea  are  mutually  parallel  to  each  other  and  to  a  common  line  drawn  through 
the  center  of  the  crystal,  called  the  zone-axis.  This  parallelism  means  simply 
that  the  parameters  of  the  given  faces  have  a  constant  ratio  for  two  of  t'le  axes. 
Some  simple  numerical  relation  exists,  iu  every  case,  between  all  the  faces  in  a 
zone,  which  is  expressed  by  the  zonal  equation.  The  faces  a,  tn,  s,  b  (Fig.  62) 
are  in  a  zone;  also,  h,  k,  h,  c,  etc. 

If  a  face  of  a  crystal  falls  simultancouHly  in  two  zones,  it  follows  that  ita 
symbol  is  fixed  and  can  be  determined  from  the  two  zonal  equations,  withont 
the  measurement  of  angles.  Ftirtlier,  it  can  be  proved  that  the  face  cor- 
responding to  the  intersection  of  two  zones  is  always  a  possible  crystal  face, 
that  is,  one  having  rational  valnes  for  the  indices  which  define  its  position. 

In  many  coses  the  zonal  relation  is  obvious  at  sight,  but  it  can  always  be 
determined,  as  shown  in  Arts.  43,  44,  by  an  easy  calculation. 

Iliusimllona  will  be  givt'n  after  tbe  methods  of  representing  a  crystal  by  horizontal  and 
spLericiil  projections  have  been  explained. 

38.  Horizontal  Projeotions. — In  addition  to  the  usual  perspective  fignres  of 
crystals,  projections  on  the  basal  plane  (or  more  generally  tlie  plane  normal 
to  the  prisma.'ic  zone)  are  very  conveniently  used.  These  give  in  fact  a  map 
of  the  crystal  as  viewed  from  above  looking  in  the  direction  of  the  axis  of 
the  prisniatic  zone.  Figs.  3U,  32,  34  give  simple  examples;  also  Fig.  63  a 
projection  of  Fig.  63,  botb  repeated  from  p.  16.  In  these  the  successive 
laces  may  be    indicated    by  accents,   as  in  Fig.   63,  passing  around  in  tho 


*  In  Ihe  letragonal  system  the    form  (100)  Is,    however,  called   a   prism  and  (101)  a 
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direction  of  the  axes  a,  b,  a',  that  is,  counter-clock  wise.    On  the  construc- 
tion of  theee  projections  see  the  63.  63. 
Appendix  A. 

3d.  Spherical  Projections. — 
The  study  of  actual  crystals, 
.  pariicularly  as  regards  the 
angular  and  zonal  relations  of 
their  faces,  is  much  facilitated 
by  the  use  of  tlie  spherioil  pro- 
JeclioH.  In  this  tlie  position  of 
each  face  is  represented  by  a 
point  called  its  pole,  where  a 
normal  drawn  to  it  from  the  center  and  produced  meets  the  surface  of  th& 
sphere.  The  aymbola  after  Miller  are  immediately  connected  with  this  pro- 
jection, and  by  means  of  it  all  ordinary  calculations  can  be  performed  m  a- 
very  simple  manner.  Fig.  65  shows  a  spherical  projection  of  the  orthorhom- 
bic  crystal.  Fig.  62, 

If  the  center  of  a  crystal,  Ihai  is,  the  point  of  ioterseciioD  of  the  crystal lugrupbic  axes, 
be  taken  as  tbe  center  of  a  sphere,  and  DDrmnlB  be  dnwo  from  it  to  ihe  euccesake- 
faces  of  tbe  cryslal,  the  poiula.  wliere  thej 
"*■  meet  the  surface  of  the  sphere,  will  be,  hs- 

hefure  <1efine(l,  the  polei  oF  the  reopecllve 
faces.  Fi>r  exftniple,  in  Pig.  64,  the  com- 
mon cenierof  IheciystalnDdspliereiaHtO, 
tlie  noimal  to  the  fnce  b  ineela  tbe  surfactt 
of  the  sphere  at  B,  of  b'  at  B',  oF  d  and  » 
nt  D  and  E  respOctirely.  ant]  so  on.  These 
poles  eTidemlj  deiennine  the  position  of 
the  face  ineach  case. 

It  Is  obvious  that  tbe  pole  of  the  face  b' 
(010)  opposite  b  (010)  will  be  ill  tlie  opposite 
-^B  cxti'iQilty  of  the  diameter  of  till' sphere,  aud 
si>  in  funeral  for  (120)  and  (ISO),  etc.     It 
is  seeu  also  that  h11  tbe  poles,  or  normal 
points.  oF  faces  in  tbe  same  tone,  that  la. 
Faces  whose  luterseclioD-linea  are  parallel, 
are  iu  tbe  snme  greiii  circle,  fur  Insiance 
ii  (010).  .0(1101.  A  (loot,  ff(llO).  and  so  on. 
It  Is  customary  in  tlie  use  of  ihe  sphere- 
(o  regard  it  hb  projected  upon  n  Imrizontal 
plane,  usually  thai  normnl  to  tbe  prismatic 
zone,  s«  that,  as  in  Fig.  65.  tbe  poles  of  the 
prismatic  Faces  lie  in  the  circumference  of 
,\(iur  Brc/.jiin  ^^^  circle,  and  those  of  the  other  faces  with- 

in It.  The  eje  being  supposed  to  he  situated 
at  Ihe  opposite  extreniily  of  i  be  dinmeter  of  the  sphere  normal  to  this  plane,  the  great  circles 
then  appear  eltherns  nrc<  of  circles,  or  as  straight  lines,  te..  dliimeters. 

It  will  he  further  obvious  From  F!g.  64  (hat  the  arc  UD,  lietween  Ibe  poles  of  6  and  d, 
measures  an  angle  at  Ibe  center  (BOD),  which  is  the  »uppUment  of  the  actual  Interior  angle 
bud  between  Ibc:  two  faces ;  and  this  Is  true  In  general. 

40.  CoaitniBtloii  of  ths  SphsrlMl  ProJMHon.— Since  in  Ihe  method  ordinarily  followed  tbe 
poles  of  tbe  prismatic  Faces  lie  in  the  circumference  of  tbe  circle,  their  position  is  fixed  at 
ouce  by  the  angles  laid  off.  e.g.  from  100,  wiib  a  protractor.  Further,  the  distances  of  tbe 
poles  of  all  faces  measured  from  tbe  center  of  the  circle  (which,  when  the  vertical  axis  la 
at  right  angles  to  those  in  the  lateral  plane,  is  the  pol«  of  the  brise  001)  are  proiioriional  to 
the  tangenlt  of  half  titt  imglti.  For  example,  to  construct  tbe  spherical  projection  of  Fig. 
'"  ''~"  "■  -  -  ■  ■  ml  ]gy  pg  g„  ,|,g  circumference,  from  a  po  nl  taken  as  100,  the 
■  Is  species  (I'hrysoliie): 
»,  100  A  130  =  42'  68':        ab.  100  A  010  =  90°. 


63.  flrsl  draw  the' circle, 
angular  distances  charactiristic  of  ti 
am,  100  A  110  ^24°  56'; 
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The  roBltion  of  the  poles  of  tLe  faces  T  <100),  m(110),  1(120),  S  (010)  ure  tliua  Qxnl.   Tbe 
poles  of  tbe  otiier  fuees  of  these  forma  are  obviously  fixed,  a',  m',  >',  b',  m",  »",  m".  *'",  by 
.-  tlie  Bymmetry.      Agtiin,   to   Had   the 

"■  pole  of  d  (101).    wliicli   lies  ou   the 

greiit  circle,  or  zone,  a  (100),  e  (001). 
a!  (100)  (for  which  Jt  =  0):  since  e 
(001)  A  d  (101)  =  51°  S«.  the  distance 
ed  Is  propurtiODBl  to  ilie  tangeDt  of 
KSl"  US')  or  ^°  40}'.  tbiit  is,  0.4Hil  of 
the  r&diuB  ea.  glmiliitly  for  A  (Oil) 
flDd  k  (021)  ou  [he  zoue-circle  e  (001), 
b  (010),  since  eh  (001  a  Oil)  =  80*  281' 
and  ek  (001  A  02!)  =  49°  VS.  the  dis- 
tances are  projKiniouiil  to  the  langents 
of  half  these  unglrs  respectiTely.  So 
lOiDb  bIbo  from  tlie  augles  ee  (001  a  111)  = 
54-  I6'  Kud  cf  (OUl  A  lai)  =  50*  60}' 
(he  distances  on  the  corresponding 
zone-circles,  e  (001)  m  (110)  nud  e 
(001)  « (130),  may  bu  delermiued.  In 
practice,  however,  Ihese  last  Hleps  are 
iiuDec'-ssnry  :  since  tf  the  circular  arc 
through  b  (010).  d  (101).  6"  (OiO)  in 
drawu.  It  gives  the  zone-circle  for  all 
the  faces  for  which  h  =  l;  similBrly 

.•(iO(J) 

uecircie  lor  ine  planes  for 
which  kz=l,  while  Uint  tbTougb  a 
(100),  k  (021),  a'  (iOO)  gives  the  lone-circle  for  the  planes  having  k  =  ^.  The  Intersection' 
IKilDts  between  these  last  ntcs  and  ihat  first  drawn  flies  the  }>oaition8of  a  (111),/ (131), 
«Bch  of  whlcb  BBtlnQes  the  two  relations.  Further,  tbroiigb  these  same  points  must  pass 
tiie  zone-circle  e  (001),  m  (110),  for  which  h  =  k,  and  e  (001).  i  (180).  for  which  k  =  %h.  thus 
giving  a  check  upon  the  accurapy  of  tbe  work. 

It  is  obvious  from  tbe  above  explanalion  that  tbe  position  of  any  face,  as  481,  is  fixed  by 
the  iatersectlon  of  either  mo  of  llie  three  zone  circles 

100,  031,  100       010,  401,  OiO       001,  430.  OOl. 
In  general  any  face,  hkl,  must  lie  in  the  three  zone-circles 

100,  oii,  ioo,      010.  mi.  oio,      ooi.  ftto,  ooi. 


41.  Angles  between  Faces. — The  angles  most  conveniently  used  with  the 
Miller  symbols,  and  those  given  in  this  work,  are  the  normal  angles,  that 
is,  the  iKigles  between  the  poles  or  normals  to  the  faces,  measured  on  area  of 
great  circles  joining  the  poles  as  shown  on  the  spherical  projection.  These 
normal  angles  are  the  supplements  of  the  actual  iuterfacial  angles,  as  has  been 
explained. 

The  relations  between  these  normal  angles,  for  cxumple  In  a  ^ven  zone,  la  much  simpler 
tbnu  those  existing  between  Ibe  nctuat  interfacial  angles.  Thus  it  is  always  true  Ihat.  for  a 
series  of  faces  In  the  same  zone,  tlie  normal  angle  between  two  end  faces  Is  eitual  lo  Ihc  sura 
of  the  angles  of  faces  falling  between.  Thus  (Figs.  82,  65)  the  normal  angle  of  ab  (100 
A  010)  Is  the  sura  of  am  (100  A  110),  m*  (110  A  120),  andi*(120  a  010).  This  relation  holds 
true  in  all  tbe  systems. 

Furthermore,  It  will  be  seen  that,  supposing  am'  (Fig.  85)  a  plane  of  sytnmetrv  as  in  the 
orthorhombic  system,  tbe  angle  110  a  110,  or  am  (Fig.  631.  la  half  the  angle  100  a  iTO  (mm'"). 
Similarly  010  A  \20(b»)  is  half  tbe  angle  120  a120(«');  again.  IOO  a  111  (i")  la  the  com- 

rlemeni  of  half  the  angle  111  A  ill  (w)and  010  a  111(&!)  the  complement  of  half  tbe  angle 
11  Alii  («•"). 
Here,  as  throughout  this  work,  the  sign  A  Is  used  to  represent  the  angle  between  two 
faces,  usually  designated  by  letters. 
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42.  XlBe  of  the  Spherical  Projection  to  Exhibit  the  Symmetry. — The  sym-  * 
metry  of  any  one  of  the  crystalline  groups  may  be  readily  exhibited  by  the  help 
of  the  spherical  projection,  following  the  notation  introduced  by  Gadoliu 
(1871,  see  p.  22^. 

The  axes  of  binary,  trigonal,  tetragonal,  hexagonal  symmetry  are  represented 

respectively  by  the  following  signs:  ^A  ^  #.  Further,  a  plane  of  symmetry 
is  represented  by  a  full  line  (zone-circle),  while  a  dotted  line  indicates  that  the 
plane  of  symmetry  is  wanting.  The  position  of  the  crystallographic  axes  is 
shown  by  arrows  at  the  extremities  of  the  lines.  The  pole  of  a  face  in  the 
upper  half  of  the  crystal  (above  the  plane  of  projection)  is  represented  by  a 
cross;  one  below  by  a  circle.  If  two  like  faces  fall  in  a  vertical  zone  a  double 
sign  is  used,  a  cross  within  the  circle.   Figs.  69, 1 11, 125,  etc.,  give  illustrations* 

43.  General  Belations  between  Planes  in  the  Same  Zond.--  It  may  be  demon- 
strated that  if  on  a  crystal  two  faces  P  (hkl)  and  '£  (pgr)  lie  in  the  same  zone^ 
then  the  following  equation  must  hold  good  : 

ua  cos  XQ  +  yb  cos  YQ  +  wc  cos  ZQ  =  0, 

where  u  =  ir  —  Zy,        v  ^  Ip  —  hr,        w  —  hq  —  kp. 

The  letters  u,  v,  w  are  called  the  symbol  of  the  zone  or  great  circle  PB» 
Every  face  (xyz)  of  this  zone  must  satisfy  the  equation 

ua;  -f  vy  +  W2;  =  0. 

If  now  (uvw)  be  the  symbol  of  one  zone,  and  (efg)  of  another  intersecting^ 
it,  then  the' point  of  intersection  will  always  be  tne  pole  of  a  possible  cryst^ 
face.  Its  indices  {hkl)  must  obviously  satisfy  two  equations  similar  to  (1)» 
These  indices  are  hence  equal  to 

A  =  gv  —  f  w,        i  =  ew  —  gu,        ?  =  f  u  —  ev. 

The  application  of  this  principle  is  extremely  simple,  and  its  importance 
cannot  be  overestimated. 

The  zoDe-symbols  can  be  always  obtained  b}*^  arrangiug  the  symbols  of  the  two  faces  in 
order,  repeating  the  first  two  indices  and  then  multiplying  according  to  the  following 
scheme : 

h       k       I       h       k 

XXX 

p       g       r       p       q 

Hence  n  =  kr~lq;       Y  =  lp'-7ir;       w  =  ^  —  *p. 

44.  FTtvmpkf  of  Zones  and  Zonal  Belations.— The  following  are  cases  in  which  the  zonal 
equation  is  seen  nt  once.  In  Fig.  62,  p.  27.  the  faces  a  (100),  m  (110).  a  (120).  b  (010),  form 
a  vertical  zone  with  mutually  parallel  intersections,  since  tbev  are  alike  in  position  in  so  far 
as  this :  that  they  are  all  parallel  to  the  vertical  axis ;  that  is,  for  all  faces  in  this  zone  it 
must  be  true  that  2  =  0. 

Again,  the  faces  a  (100).  d  (101),  c  (001)  are  in  zone,  all  being  parallel  to  a  lateral  axis  h 
hence  for  them  and  all  others  in  this  zone  k  =  0.  Also  b  (010),  k  (021),  ?i  (Oil),  c  (001)  are 
in  a  zone,  all  being  parallel  to  the  azisJ.  so  that  A  =  0.  . 

Also  the  faces/ (121).  e  (111),  d  (lOl),  e"'  (111),/"  (121)  are  in  a  zone,  since  they  have  a 
common  ratio  for  the  axes  a :  e.    With  them,  obviously.  h  =  l. 

The  faces  e  (001).  e  (111),  m  (110)  are  also  in  a  zone,  and  again  e  (001),  /(121),  a  (120). 
though  intersections  do  not  happen  to  be  made  between  e  and  e  in  the  one  case,  and  c  and 
/in  the  other.  For  each  of  these  zones  it  is  true  that  there  is  a  common  ratio  of  the  lateral 
axes,  that  is,  of  A  to  A:  in  the  symbols.  For  the  first  it  may  be  shown  that  A  =  A; ;  for  tlie 
second,  that  2A  =  A;. 
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XXX 


u  =  2,        T  =  i.        w  =  0;  .■.3A-A;  =  0.  or2A  =  *. 

The  symbol  of  a  fsce  lyioK  at  ODce  in  two  zones,  as  stated  above,  must  antlEfy  ibe  zonnl 
-equaliou  of  each ;  tbese  symbols  are  beuce  eiisil^  oblaiued  either  by  comliiulng  the  equa- 
tlous  or  by  a  scheme  of  mulllplicaliou  like  tlint  Kiveu  aboTe. 

"-  mple.  Id  Fl^,  6fl,  ot  sulphur,  tbe  face  letlered  «  is  in  the  zone  (1)  with  6<010)ttinl 


-*(113),  also  II 
<1) 


e  (2)  with  p  (IH)  aud  n  (Oil).     These 


;xx; 


XXX 


=  i. 


=  0.   /=T. 


Sence  for  (1)  tlie  zonal  equation  Is  8A  =  I ;  for  (3)  h  =  i.    Com-  I  , 
l>ii)iDg  these,  we  obtain  A  =  I,  *  =  8,  i  -  8.  I" 

Tne  syDibol  of  the  face  «  is,  therefore,  188. 

TbesaiDs  result  Is  given  by  mulitplyloK  the  zonal  Indices  Oil, 


SOI,  together  after  the  same  method,  I 


.X.XX 


Sulphui 


1       8       S  Hence,  again,  x  =  183. 

Thli  method  of  Cftlculatlon  belongs  to  all   the  different  systems.     In   the  hexngooal 

Satem,  In  which  there  are  four  Indices,  one  of  the  three  referrlug  to  the  lateral  axes  (usu- 
ly  the  third)  Is  omitted  when  the  zonal  relations  are  applied.     See  Art.  ISO. 

46.  Methoda  of  Caloalation. — Id  general  the  angles  between  tlie  poles  can  be 
«alculated  bj  the  methods  of  spherical  trigonometry  from  the  triangles  shown 
in  the  sphere  of  projection  (Fig.  65) — which  for  the  most  part  are  right- 
ungled.  Certain  fundamental  relations  connect  the  axes  with  the  elemental 
angles  of  the  projection  ;  the  most  important  of  these  are  given  under  the 
individual  systems.     Some  general  relations  only  are  explained  here. 

46.  Belation  between  the  Indices  of  a  Plane  and  the  Angle  made  by  it  with 
"the  Axe*. — When  the  assumed  axes  are  at  right  angles  to  each  other  they  coin- 
cide with  the  normals  to  the  piuacoid  faces  (100, 
•010,  001),  and   consequently  meet  the  spherical  67. 

surface  at  their  poles.     When  the  axial  angles  are  z 

not  90°,  this  is  no  longer  true.  In  all  cases,  how- 
ever, the  following  relation  holds  good  between  the 
■cosines  of  the  angles  made  by  a  plane,  HEL,  with 
the  axes : 

This  is  equivaleut  to 

i  CO!  PX  =  T  CO.  PY  =  ? 


5£=5».PZ. 


GENERAL  MATHEMATICAL   RELATIONS  OF   CRYSTALS.  31 

This  equation  is  fundamental^  and  several  of  the  relations  given  beyond  are 
<ieduced  from  it. 

The  most  useful  application  is  that  wlieu  the  axial  angles  are  OC" ;  then  X,  Y,  Z  are  the 
poles  of  100,  010,  001.  respectively.  Also  if  the  plane  HKL  is  taken  as  a  face  of  the  unit 
pyramid,  that  is,  if  its  intercepts  on  the  axes  are  taken  as  the  unit  lengths 

OH  =  a,        OK  =  6,        OL  =  e! 

Then  the  lines  HE,  HL,  KL  give  also  the  intersections  of  the  planes  110,  101,  Oil  on 
the  three  axial  planes,  and  their  poles  are  hence  at  the  points  fixed  by  normals  to  these 
lines  drawn  from  O.  It  will  be  obvious  from  this  figure,  then,  that  the  following  relations 
hold  true : 

Un  (100  A  110)  =  -^; 

tan  (001  A  101)  =  -; 

tan  (001  A  Oil)  =  -|. 

These  values  are  often  used  later. 

47.  Cotangent  and  Tangent  Belations. — If  the  angles  between  the  poles  of 

three  faces  in  a  zoi)e  are  known,  the  angle  between  any  one  of  them  and  the 

pole  of  a  fourth  face  can  be  calculated  by  a  formula  called  the  cotangent  for- 

'inula.    Conversely,  if  the  angular  position  of  this  fourth  face  is  given,  the  ratio 

of  its  indices  can  be  calculated. 

Let  P,  Q,  S.  R  be  the  poles  of  four  faces  in  a  zone,  taken  in  such  an  order  *  that  PQ 
<  PR,  and  let  the  indices  of  these  face^  be  respectively  : 

P         Q  R  8 

kkl      pqr       titw       xyt 
Then  it  may  be  proved  that 

68.  cot  PS  -  cot  PR __  (P.Q)     (8.R) 

col  PQ  -  cot  PR     (Q.R)  •  (P.8)  * 

(P.Q)  _  kr-lq  _  Ip  ^  hr  _  hq  -  kp 
(Q.R)  ^qw—rv^ru  —  pfjo^pv  —  qu' 

(8.R)  _  tgy  —  et?  ^bu  —  xto^xv  —  yu 
(P  8)  "■  kZ'-ly  "  U-hz  "  hy-kx 

If  one  of  these  fractions  reduces  to  an  indeterminate  form,  ^,  then  one  of 

the  others  must  be  taken  in  its  place. 

This  formula  is  chiefly  used  in  the  monoclinic  and  triclinic  systems ;  and  some  special 
cases  are  referred  to  under  these  systems. 

The  cotangent  relation  becomes  much  simplified  for  a  rectangular  zone,  that  is,  a  zone 
between  a  plnacoid  and  a  face  in  the  zone  of  the  other  pinacoids  at  right  angles  to  it.  Thus 
if  Pa,  P6,  re,  Qa,  Ob,  Qe  represent  respectively  the  angles  between  two  faces  in  the  same 
rectan^lar  zone,  viz.,  P  {?m)  and  Q  (pqr)  and  the  piuacoids  a  (100),  b  (010),  e  (010),  the 
follow  mg  relations  hold  good : 


where 


h 

P 

tan  Pa       k      I 
'  tan  Qa  "~  q~  r' 

h 

k  iRuFb      I 

P 

q'  tan  Q6      r' 

h 

k      I     tan  Pc 

P 

~   9  ~  r  '  tan  Qc 

*  In  the  application  of  this  principle  it  is  essential  that  the  planes  should  be  taken  in  the 
proper  order,  as  shown  above ;  to  accomplish  this  it  is  often  necessary  to  use  the  indices 

and  corresponding  angles,  not  of  (hkl),  but  the  face  opposite  (hkC),  etc. 
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As  a  further  simplificatioD  of  the  above  equations  for  tbe  case  of  prismatic  planes  hi 
and  p^,  or  domes  hOl  and  pOr  or  Okl  and  Oqr,  between  two  pinacoid  planes,  we  have 

tan  (100  A  hkO)  _  *     P. 
tau  (100  A  pqO)  ~  h'   q' 

tan  (001  A  hOl)  _  h    r_ 
tan  (001  A pOr)  "  I  *  p' 

tan  (001  A  OA;Q       A;    _r 
tan  (001  A  0^)  "1  '  q' 

These  equations  are  the  ones  ordinarily  employed  to  determine  the  symbol  of  any  pri 
matic  plane  or  dome. 

The  most  common  and  important  application  of  this  tangent  principle  is  where  t] 
positions  of  the  unit  faces  110,  101,  Oil  are  known,  then  the  relation  becomes 


Also, 


tan  (100  A  hk^)  _  k  tan  (010  A  hkXi)  _  h 

tan  (100  A  HO)  "  IV  ^^     tan  (010  a  110)  ""  k' 

tan  (001  A  hQl)  _  h  tan  (001  a  OA;^  _  * 

tan  (001  A  101)  "  V  tan  (001  A  Oil)  ""  V 


Thus  the  tangents  of  andes  between  the  base,  001,  and  102,  208,  802,  201,  etc.,  a 
respectively  \,  |,  {,  2  times  ine  tangent  of  the  angle  between  001  and  101.     Again,  tl 

tangent  of  the  angle  100  A  120  is  twice  the  Ungent  of  100  a  HO  [here  ?  =  2  j,  and  on 

half  the  tangent  of  010  a  110. 

4S.  Formulas  for  Spberieal  Triangloi.— For  convenience,  some  of  the  more  importa 
formulas  for  the  solution  of  spherical  triangles  are  here  added. 

In  right-angled  spherical  triangles  C  =  90*. 

,      .       sin  a  .     »     sin  6 

sin  ^  = 

cos  ^  = 

tan  ^  = 

sin  ^  = 


sin  A' 

sm  h 

tan  b 
tan  A* 

„     tana 
tan  h 

tan  a 
sin  6' 

• 

r»     tan  6 
tan  5=-: — , 
sm  a 

cos  B 

cos  b* 

,     „     cos  -4 

sin  B  = 

cos  a 

COS  h- 

-  cos  a  cos  5, 

cos  A  = 

=  cot  ^  cot  B. 

In  oblique-angled  spherical  triangles  familiar  relations  are  as  follows : 

(1)  sin  ^  :  sin  i?  =  sin  a  :  sin  b'\ 

(2)  cos  a  =  cos  b  cos  c  -f  sin  i  sin  c  cos  A  ; 

(3)  cot  5  sin  c  =  cos  c  cos  ^  -f-  sin  A  cot  B; 

(4)  cos  -4  =  —  cos  J9  cos  C-f  sin  B  sin  C  cos  a. 

In  calculation  it  is  often  more  convenient  to  use.  instead  of  the  latter  formulas,  the 
especially  arranged  for  logarithms,  which  will  be  fouud  in  any  of  the  many  books  devot 
to  mathematical  formulas. 
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I.  ISOMETRIC  SYSTEM. 

48.  The  Isometric  System  embraces  all  the  forma  which  are  referred  to 
three  equal  axes  at  right  angles  to  each  other.  Each  of  these  axes  is  designated 
by  the  letter  a. 

There  are  five  groups  here  inclnded,  of  which  the  normal  group,*  possessing 
the  highest  degree  of  symmetry  tor  the  system  and,  indeed,  for  all  crvstals,  is 
by  far  the  most  important.  Two  of  the  other  groups,  the  pyritohedral  and 
tetrahedral  groups,  alao  have  numerous  representatives  among  minerals. 

1.  NORMAL  GROUP  (1).  GALENA  TYPE. 

60.  Symmetry. — Of  each  of  the  types  of  solids  enumerated  in  the  following 
table,  as  belonging  to  this  group,  as  of  all  their  combinations,  it  is  true  f  that 
there  are  three  like  principal  planes  of  symmetry,  whose  intersectiona  fix  the 
position  of  the  cryatallographic  axes  (see  Fig,  13,  p.  9).  There  are  also  six 
other  auxiliary  planes  of  symmetry  ;  these  are  situated  diagonally  to  the  others, 
each  two  equally  inclined  (45°)  to  the  adjacent  planes  of  chief  symmetry,  that 
is,  to  the  axial  planes. 

Further,  the  crystals  of  this  group  have  three  principal  axes  of  tetragonal 
symmetry,  the  cubic  or  crystallographic  axes ;  four  axes  of  trigonal  symmetry,, 
the  octahedral  axes  ;  six  axes  of  binary  svmmetry,  the  dodecahedral  axes  (see 
Art.  16,  also  the  following  paragraph),  (these  axes  are  shown  in  Figs.  17,  18,. 
19,  p.  10. 

The  accompanying  spherical  projection  (Fig.  69),  constructed  in  accordance. 
with  the  principles  explained  in  Art.  42,  shows  the  69. 

distribution  of  the  faces  of  the  general  form,  ?ikl, 
and  hence  represents  clearly  the  symmetry  of  the 

froup.     Compare  also  the  projection  given  later, 
'ig.  110,  p.  41. 
51.  Forms. — The  various  possible  forms  belong- 
ing to  this  group,  and  possessing  the  symmetry 
defined,  may  be  grouped  underseven  types  of  solids.* 
These  are  enumerated  in  the  following  table,  com- 
mencing with  the  moat  simple.     The  symbols  are 
given  in  accordance  with  botn  the  systems  of  Miller 
and  Naumann;  also  the  full  expression  showing  the 
general  position  of  the  planes  with  relation  to  the 
axes.     Ibe  last,  however,  are  reduced  to  the  form, 
corresponding  to  (2)  in  Art.  34,  which  shows  how  the  Naumann  symbols  are 
derived. 


■  II  is  called  normal,  as  before  stnted,  since  It  Is  Ibe  most  common  nnrt  hence  liy  far  llie 
moil 'f mporiant  i;roup  iiniler  Ihe  gybtem  ;  alsn,  more  rundamenially.  becauee  ilie  forms  liera 
Included  possess  tlie  highest  grade  of  symmetry  possible  in  the  syetem.  There  arc  Ave 
forms  In  ihia  system,  each  geometrically  a  cube,  hut  onlr  that  of  Uiia  normAleroupactualir 
has  the  full  symmetry  aa  regards  molecular  structure  which  lis  geometrical  sliape  suirgesls. 
ir  a  crystal  Is  sak!  to  belong  to  the  laometTlc  system,  without  further  qualification,  it  Is  to 
be  undersiood  that  It  U  lacluded  here.     Similar  remarks  apply  to  thi;  normal  groups  of  the 

t  The  aymmelry  of  the  Dormal  groups  of  tbe  different  systems  has  been  nlready  briefly 
explaieed  id  Art.  96. 


34  OBTSIALLOOKAPHir. 

Miller.  Naumann. 

1.  Cnbe (100)  a  :  CO  a  :  00  o  oo  0»  or  i-i 

3.  Octahedron (Ill)  a: a -.a  0  or  1 

-3.  Dodecahedron ( 110)  a  :  a  :  qo  a  oo  0  or  t 

4.  TetrabexabedTon {hkO)  a;na:<oa  <n  0»  or  t'-n 

as,  (310)  i-3;  (210)  i-2;  (320)  t"-|,  etc. 

5.  Trisoctahedron (hhl)        a:a:via  mO  or  m 

as,  (331)  3;  (3:21)  3;  (332)  |,  etc. 

•6.  Trapezohedron (M)  a '.ma:  ma  mOtn  or  m-m 

at,  (311)  3-3;  (211)  2-2;  (322)  H.  etc. 

7.  Hexoctahedron (hkl)        a  :  mo  :ma  mOti  or  m-« 

as,  (421)4-2;  (321)  3-|,  etc. 
In  the  geoeral  eiprestion  of  Htllcr's symbola,  h>  k>  I.  Id  tbose  of  NaumaDn,  m  >  1. 
Attention  la  called  to  tbe  letteiB  uniFonnly  used  in  this  work  and  in  Dana'a  System  of 
Hiaeralogj  (ltJ93)  to  designate  certain  of  the  isometric  forms.*    Tbey  are  : 
Cube:  a. 
Octahedron :  o. 
Dodecahedron :  d. 

Tetrahexahedrous:  «  =  210,  t'-2;   /sSlO.i-3;    ff  =  320,t-|;    A  =  410,t-4. 
TrlsocWhedrons ;  p  =  221,  2 ;    5  =  331.8;    r=883,»;     ,0  =  441.4. 
TmpezohedroDS:  m  =  311,  3-3;     n  =  211,2-2;    fl  =  S2Z,l-i. 
Hexoclahedrona:     f  =  33J.  8-|;     (  =  421,4.2. 

S2.  CqIk. — The  cube,  wboae  general  symbol  ia  (100),  ie  sbown  in  Fig.  70. 
It  is  bounded  by  six  similar  faces,  each  parallel  to  two  of  the  axes.  Eacli  face 
ia  a  sqnare,  and  the  interfacial  angles  arc  all  00°.  The  faces  of  the  cube  are 
parallel  to  the  principal  or  axial  planes  of  symmetry.  The  lines  joining  the 
opposite  solid  angles  of  the  cube  are  called  the  octabedra!  or  trigonal  inter- 
axes  ;  those  joining  the  middle  points  of  opposite  edges  are  the  dodecabedral 
intoraxes  (see  Figs.  17,  18,  p.  10). 

fi3.  Octahedron. — The  octahedron,  shown  in  Fig.  71,  baa  the  general  symbol 
(111).    It  is  bounded  by  eight  similar  faces,  each  meeting  the  three  axes  at 


^^ 

,001 

^ 

100 

,--' 

^ 

■equal  distances.     Each  face  is  an  equilateral  triangle  with  plane  angles  of  60°. 
*riie  norma!  interfacial  angle,  (111  A  111),  is  70°  31'  44". 

54.  Dodecahedron. — The  rhombic  dodecahedron,  shown  in  Fig.  72,  baa  the 
general  symbol  (110).    It  is  bounded  by  twelve  faces,  each  of  wiilcb  meets  two 


*  The  uaage  followed  here  (as  also  iu  the  other  systems)  Is  in  e 


!S  thai  of  Miller 
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of  the  axes  at  equal  distances  and  is  parallel  to  the  third  axis.  Each  face  is  a 
rhomb  with  plane  angles  of  60°  and  120°.  The  real  or  interior  interfacial  angle 
is  120°,  or  the  angle  between  two  adjacent  poles,  that  is,  the  normal  interfacial 
angle,  is  60°.  The  faces  of  the  dodecahedron  are  parallel  to  the  six  auxiliary, 
or  diagonal,  planes  of  symmetry. 

It  will  be  remembered  that,  while  the  forms  described  are  designated  re- 
spectively by  the  symbols  (100),  (111),  and  (110),  each  face  of  any  one  of  the 
forms  has  its  own  symbol.     Thus  for  the  cube  the  six  faces  have  tne  symbols 

100,    010,    001,     100,    OlO,    OOl. 
For  the  octahedron  the  symbols  of  the  eight  faces  are  : 

Above  111,    ill,    ill.    111; 
Below  lli,    ili.     Hi,     lil. 

For  the  dodecahedron,  the  symbols  of  the  twelve  faces  are  : 

110,  iio,  iio,  lio, 
101,  101,  ioi,  loi, 
on,    oil,   on,   oii. 

These  should  be  carefully  studied  with  reference  to  the  figures  (and  to 
models),  and  also  to  the  spherical  projection  (Fig.  110).  The  student  should 
become  thoroughly  familiar  with  these  individual  symbols  and  the  relations  to 
the  axes  which  they  express,  so  that  he  can  give  at  once  the  symbol  of  any  face 
required. 

55.  Combinations  of  the  Cube,  Octahedron,  and  Dodecahedron.~Figs.  73,  74, 
75  represent  combinations  of  the  cube  and  octahedron  ;  Figs.  76,  79,  of  the 
cube  and  dodecahedron  ;  Figs.  77,  78,  of  the  octahedron  and  dodecahedron  ; 
finally.  Figs.  80, 81  show  combinations  of  the  three  forms.    The  predominating 


73. 


74. 


76. 


fr^^ 


form,  as  the  cube  in  Fig.  73,  the  octahedron  in  Fig  75,  etc.,  is  usually  said  to 
be  modified  by  the  faces  of  the  other  forms.  In  Fig.  74  the  cube  and  octa- 
hedron are  said  to  be  "in  equilibrium,"  since  the  faces  of  the  octahedron  meet 
at  the  middle  points  of  the  edges  of  the  cube. 

It  should  be  carefully  noticed,  further,  that  the  octahedral  faces  replace 
the  solid  angles  of  the  cube,  as  regular  triangles  equally  inclined  to  the  adiacent 
cubic  faces,  as  shown  in  Fig.  73.  Again,  the  square  cubic  faces  replace  the  six 
solid  angles  of  the  octahedron,  being  equally  inclined  to  the  adjacent  octahe- 
dral faces  (Fig.  75).     The  faces  of  the  dodecahedron  trtmcate  *  the  twelve 


*  The  words  truncate,  truncation,  are  used  only  when  the  modifying  face  makes  equal 
angles  with  the  adjacent  similar  faces. 
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Bimilar  edges  of  the  cnbe,  as  shown  in  Fig.  79.  They  also  trnncate  the  twel 
edges  of  the  octahedron  (Fie.  77).  Further,  in  Fig.  76  the  cubic  faces  repla 
tlie  six  tetrahedral  solid  angles  of  the  dodectjiedron,  vhile  the  octahedral  fac 
replace  its  eight  trihedral  solid  angles  (Fig.  78). 


The  normal  interfacial  angles  for  adjacent  faces  are  as  follows  ; 

Cube  on  octahedron,  ao,  100  A  111  =  54°  44'  8". 

Cube  on  dodecahedron,  ad,  100  A  110  =  45°    0'  0". 

Octahedron  on  dodecahedron,  od.  111  A  110  =  35°  15'  53". 
B6.  As  explained  <□  Art.  It,  actual  crystals  always  deviate  more  or  lew  wid 
from  tbe  iiteal  solids  Bgured,  In  coiiFequeuce  of  the  uoequnl  development  of  like  fat 
Sticli  crysinls.  tlieretore,  do  DOl  witisfy  the  geomelrical  defliihion  of  right  aymmelry  « 
tively  to  llie  three  priocipal  nnd  Ilie  six  auxiliary  planea  meiilioned  on  p.  33,  but  they 
confoim  to  tliecondittonsof  crystallogmphicBymmeiry,  requiring  like  angnlnr  poslllon 
simliiir  faces.  Again,  it  will  be  noted  tliat  in  »  combination  form  many  of  ilie  fncca  do  : 
actually  meet  tUe  axes  wicliiu  the  crysral,  ns.  for  eiample,  tbe  oclnlicdrni  face  o  in  Fig. 
It  \s  still  true,  however,  that  this  face  would  meet  the  axes  at  eitual  distances  If  produc 
and  since  the  axial  ralia  is  tbe  essential  point  in  [he  case  of  encb  form,  and  the  att 
Ungth$  of  the  axes  are  of  no  importance,  it  is  not  neceswiry  Ihal  ilie  faces  of  the  differ 
formal  n  a  crystal  ahould  be  refeired  to  the  same  actual  iixlal  lengllia.  Tlic  above  rema 
will  be  seen  to  apply  also  to  all  the  other  forma  and  combinalfous  of  fonns  described  In 
pages  following. 

67.  Tetrahexahedron.— The  tetrahexahedron  (Figs.  82,  83,  84)  is  bound 
by  twenty-four  faces,  each  of  whicli  is  an  isosceles  triangle.  Four  of  thi 
faces  together  occupy  the  position  of  one  face  of  the  cube  (hexahedron)  wher 
the  name  commonly  applied  to  this  form.  The  general  symbol  is  {hk 
hence  each  face  is  pnrallel  to  one  of  the  axes  while  it  meets  the  other  two  a: 
at  unequal  distances.  There  are  two  kinds  of  edges,  lettered  A  and  (7  in  F 
83  ;  the  interfacial  angle  of  either  edge  is  sufficient  to  determine  the  syml 
of  a  given  form  (see  below).  The  angles  of  some  of  the  comuion  forms  i 
given  on  a  later  page  (p.  42). 
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There  may  be  an  indefiDite  nnmber  of  tetrahesahedroDs,  aa  the  ratio  of  the 
intercepts  of  the  two  ^es,  and  hence  of  h  to  k  varies  ;  tor  example,  (41U), 
(310),  (210),  (320),  etc.  The  form  (alO)  is  ahown  in  Fig.  82  ;  (410)  in  Fig.  83, 
and  (530)  in  Fig.  84.  All  the  tetrahexahedroue  fall  in  a  zone  with  a  cubic  face 
and  a  dodecahedral  face.     As  h  increases  relatirel;  to  k  the  form  approaches 


the  cube  (in  which  A  :  i  =  oo  ;  1  or  1 :  0),  while  as  it  diminishes  and  becomes 
more  and  more  nearly  equal  to  k  in  value  it  approaches  toward  the  dodeca- 
hedron ;  for  which  h  =  k.  Compare  Fig.  83  and  Fig.  84;  also  Fig.  110.  Tlie 
special  symbols  belonging  to  each  face  of  the  tetrahexabedron  should  be  caro- 
nilly  noted. 


The  faces  of  the  tetrahexahedron  bevel  *  the  twelve  similar  edges  of  the 
«nbe,  as  in  Fig.  S5;  they  replace  the  solid  angles  of  the  octahedron  by  four 
faces  inclined  on  the  edges  (Fig.  8C),  and  also  the  tetrahedral  solid  angles  of 
the  dodecahedron  by  four  faces  inclined  on  the  faces  (Fig.  87). 

68.  Trisoctahedron. — The  trisoctahedron  (Fig.  88),  or,  more  definitely,  the 
trigonal  trisoctahedron,  is  bounded  by  twenty-four  similar  faces;  each  of  these 
is  an  isosceles  triangle,  and  three  together  occupy  the  position  of  an  octahedral 
face,  whence  the  common  name.  Further,  to  distinguish  it  from  the  trapezo- 
bedron  or  tetragonal  trisoctahedron,  it  is  sometimes  called  the  trigonal  trisocta- 
hedron. There  are  two  kinds  of  edges,  lettered  A  and  B  in  Fig.  88,  and  the 
interfacial  angle  corresponding  to  either  is  sufficient  for  the  determination  of 
the  special  symbol. 
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The  general  symbol  is  {fihl) ;  common  forms  are  (221),  (331),  etc.     Eh 


face  of  the  trisoctahedron  meets  two  of  the  axes  at  a  distance  less  than  tin 
and  the  third  at  the  unit  length,  or  (which  is  nn  identical  gj 

expression  •)  it  meets  two  of  the  axes  at  the  unit  length  1 

and  the  third  at  a  distance  greater  than  unity.     The 
symbols  belonging  to  each  face  should  be  carefully  noted. 
The  normal   interfacial   angles  for  some  of  the  more  i 
common  forms  are  given  on  a  later  page. 

59.   TrapezohedroB. — The  trapezonedron  f  (Figs.  93, 
93)  is  bounded  l>y  twenty-four  similar  faces,  each  of  them  a 
qnadrilatoral  or  trapezium.    It  also  bears  in  appearance  a 
certainrelation  to  the  octahedron,  whence  the  name,  some- 
times employed,  of  tetragonal  trisoctahedron.     There  are  „ 
two  kinds  of  edges,  lettered  B  and  C,  in  Fig.  92.    The  ("iiena. 
general  symbol  is  hll;  common  forms  are  (311),  (211),  (322),  etc.     Of  the  fac 
each  cuts  an  axis  at  a  distance  less  than  unity,  and  the  other  two  at  the  n 
length,  or  (again,  an  identical  expression)  one  of  them  intersects  an  axis  at  I 


unit  length  and  the  other  two  at  distances  greater  than  unity.     The  symb 
belonging  to  each  face  should  be  carefully  noted.     The  normal  interfae 

"Since  Jo  ;i6:le  =  la:lS:2ii.  The  sludent  should  read  ngain  carefully  the  expla 
tloDS  Id  An.  S4. 

i  It  will  be  seen  later  tliat  the  Dame  trapezohedron  is  also  given  to  other  aolids  wh 
faces  are  trapeziums,  coQspicuouslj'  to  the  tetragoaal  trapezobedrou  and  tbe  trlgo 
trapezobedrou. 
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angles  for  some  of  the  common  forms  are  given  on  a  later  page.    Another  name 
for  this  form  is  icositetrahedron. 

60.  The  combinations  of  these  forms  with  the  cube,  octahedron,  etc.,  should 
be  carefully  studied.  It  will  be  seen  (Fig.  89)  that  the  faces  of  the  trisocta- 
hedron  replace  the  solid  angles  of  the  cube  as  three  faces  equally  inclined  on 
the  edges.  The  faces  of  the  trapezohedron  appear  as  three  equal  triangles 
equally  inclined  to  the  axxbiQ  faces  (Fig.  94). 


96. 


96. 


97. 


Analdte. 
98. 


Garnet. 
100. 


Spinel. 


Magnetite. 


Amalgam. 


Again,  the  faces  of  the  trisoctahedron  bevel  the  edges  of  the  octahedron 
(Fig.  90,  also  Fig.  91,  with^  (221)  and  u  (554n,  while  those  of  the  trapezo- 
hedron are  triangles  inclined  to  the  faces  at  the  extremities  of  the  cubic  axes 
(Fig.  98).  Still  again,  the  faces  of  the  trapezohedron  (211)  truncate  the  edges 
of  the  dodecahedron  (110),  as  shown  in  Fig.  97;  this  can  be  proved  to  follow 
at  once  from  the  zonal  relations  (Arts.  43,  44),  cf.  also  Fig.  110.  The  position 
of  the  faces  of  the  form  (311),  in  combination  with  o,  is  shown  in  Fig.  98;  witli 
d  in  Fig.  99.  Fig.  100  shows  both  the  trisoctahedron  p  (221)  and  the  trapezo- 
hedron n  (211)  with  a,  o,  and  rf. 

It  should  be  added  that  the  trapezohedron  n  (211)  is  a  common  form  both 
alone  and  in  combination;  m  (311)  is  common  in  combination.  The  trisocta- 
hedron alone  is  rarely  met  with,  though  in  combination  (Figs.  90,  91,  100)  it 
is  not  uncommon. 

61.  Bexoctahedron. — The  hexoctahedron,  Figs.  101, 102,  is  the  general  form 
in  this  system  ;  it  is  bounded  by  forty-eight  similar  faces,  each  of  which  is  a 
scalene  triangle,  and  each  intersects  the  three  axes  at  unequal  distances.  The 
general  symbol  is  (hkl)'y  common  forms  are  (321),  shown  in  Fig.  101,  and 
(421),  in  Fig.  102.  The  sjrmbols  of  the  individual  faces,  as  shown  in  Fig.  101 
and  more  fully  in  the  projection  (Fig.  110),  should  be  carefully  studied. 
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The  hexoctuhed roQ  hu  three  kinds  of  edges  lettered  A,  B,  C  (longer, 
middle,  sliorter)  in  Fig.  103;  the  angles  of  two  of  these  edges  are  needeil  to  fix 
the  symbol  unless  the  zonnl  relations  can  be  made  use  of.  In  Fig.  1U4  the 
faces  of  the  hezoctahedroo  besel  the  dodecahedral  edges,  and  hence  for  this 


Copper 


form  h  =  1-  -^l ;  the  form  s  has  the  special  symbol  (321).  The  bexocta- 
hedron  nlone  ia  a  very  rare  form,  but  it  is  seen  in  combination  with  the  cube 
(Fig.  103,  iltiorite)  as  six  small  faces  replacing  each  solid  angle.  Fig.  104  is 
common  with  garnet;  Fig.  105  shows  a  combination  observed  in  native  copper 
(y  =  18  ■  10  •  5),  and  Fig.  106  with  native  gold  (x  =  18  •  10  ■  1).  The  angles 
of  some  common  liexoctahedrous  are  given  on  p.  43. 


62.  Some  further  examples  of  isometric  forms  are  given  in  Figs.  107,  108, 
109.    In  Fig.  107,  p  is  the  trapezohedron  (733) ;   C  is  the  hexoctahedron 


I80MBTKIU   SYSTEM. 


41 


(64 '63-1),  this  last  being  called  a  ft'ctna/ /ortn,  since  it  deviateB  bat  slightly  in 
angular  position  from  tne  simple  form  ordinarily  occurring  (d,  110);  hence 
the  complex  indices.  In  Fig.  108,  v  is  the  hezoctahedrou  (531).  In  Fig.  109, 
m  =  (311),  ;>  =  (-.iil),  etc. 

63.  PBeudo-6yiiiiiietry  in  the  Isometric  System.  —Isometric  forms,  by  develop- 
ment in  the  direction  of  one  of  the  cubic  axes,  simulate  tetragonal  forms. 
More  coninionly,  and  of  greater  interest,  are  forms  simulating  those  of 
rhombohedral  symmetry  by  extension,  or  flattening,  in  the  direction  of  an 
octahedral  axis.  Both  these  cases  are  illustrated  later.  Conversely,  certain 
rhombohedrul  forms  resemble  &n  isometric  octahedron  in  angle  and  complex 
twinning. 

64.  Spheiio»l  Projection. — The  spherical  projection,  Fig.  IIO,  shows  the 


positions  of  the  poles  of  the  faces  of  the  cube  (100),  octahedron  (111),  and 
dodecahedron  (110);  also  the  totraliexahedron  (210),  the  trisoctabedron  (331), 
the  trapezohedron  (311),  and  the  hezoctiihedron  (321). 

The  student  »Ijou1<I  study  lliis  projecHou  carefully,  notitig  the  Hymmetry  niarked  by  the 
rone-circlon  100.  001,  100,  nnd  100.  010,  100  ;  nlso  by  110,  001,  iiO;  110,  001,  110 ;  010,  101, 
OlO;  010,  lOl.  OlO.  Note  furtbor  tijut  tlie  fticce  of  a  given  fovin  are  By m metrically  dUlrib- 
nted  about  a  cubic  face.  nsOOl ;  a  dodecalicclrnl  face,  as  101 ;  an  octsbeclral  face,  u  111. 

Note  fiirtber  the  aymbolft  tbat  belong  to  tbc  Individual  faces  of  each  form,  compariDg 
the  proJecUoD  with  the  flgurai  which  precede. 
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FiDally,  note  the  prominent  tones  of  planes  /  for  example,  the  zone  between  two  cubic 
faces  including  a  dodecahedral  face  and  tiie  faces  of  all  possible  tetrabexabedrons.  Again, 
the  zones  from  a  cubic  face  (as  001)  througli  an  octahedral  face  (as  111)  passing  through  the 
trisoctahedrons,  as  118,  112,  228,  and  the  trapezohedrons  882,  221,  881,  etc.  Also  the  zone 
from  one  dodecahedral  face,  as  110,  to  another,  as  101,  passing  through  821.  211,  812,  etc. 
At  the  same  time  compare  these  zones  with  the  same  zones  shown  on  the  figures  already 
described. 

66.  Angles  of  Common  iBometric  Forms.* 
Tetrahbxahbdronb. 


Edge  A 

EdgeC 

Angle  on 

Angle  on 

Cf.  Fig.  82. 

210  A  201.  etc 

!.    210  A  120,  etc. 

a  (100,  i-t) 

0  (111.  1) 

410,  i4 

19    45 

61    55} 

14      2} 

45 

88} 

810,  i-8 

25    50^ 

58    17} 

18    26 

43 

^ 

520,  i4 

80    27 

46    28} 

21    48 

41 

22 

210,  i-2 

86    52} 

86    52} 

26    84 

89 

14 

580.  i^ 

42    40 

28      4} 

80    57} 

87 

37 

820.  i^ 

46    11} 

22    87} 

83    41} 

36 

48} 

480,^ 

50    12} 

16    15} 

86    52} 

36 

4i 

540.  »^} 

52    25} 

12    40} 

88    39} 

85 

45} 

Triboctaukdronb. 

Edge  A 

EdgeB 

Angle  on 

Angle  on 

Cf.  Fig.  88. 

221  A  212.  etc 

.    221  A  221,  etc. 

a  (100,  i-i) 

0  (111,  1) 

•t 

882.1 

17    20} 

50    28} 

50    14} 

10 

1* 

221,  2 

27    16 

88    56} 

48    11 

15 

47} 

552,  f 

88    88} 

81    35} 

47      7} 

19 

28} 

881.8 

87    51} 

26    81} 

46    80} 

22 

0 

772,  J 

40    59 

22    50} 

• 

46      7} 

23 

50} 

441,4 

48    20} 

20      2f 

45    52 

25 

14} 

Trapezohedrons. 

EdgeB 

EdgeC 

Angle  on 

Angle  on 

Cf.  Fig.  92. 

211  A  211,  etc 

.    211  A  121.  etc. 

a  (100,  i4) 

1 

^(111.1) 

411.4-4 

27    16 

60      0 

19    28} 

85 

15} 

722,  l-l 

80    48} 

55    50} 

22      0 

82 

44 

811.  8-8 

85      5} 

50    28} 

25    14} 

29 

29} 

522.  f  f 

40    45 

48    20} 

29    29} 

25 

14} 

211,  22 

48    11} 

88    38} 

85    15} 

19 

28} 

822.  H 

58      2 

19    45 

43    18} 

11 

25} 

Hexogtahedrons. 

Edge  A 

EdgeB 

EdgeC 

Angle  on 

Angl 

e  on 

Cf.  Fig.  102.       821  A 

812,  etc.  821 

I  Ai 

321.  etc.  821  a  > 

281.  etc.      < 

%  (100.  i-i) 

oillhl) 

421.  4-2 

17 

46} 

25 

12} 

85 

57 

29 

12} 

28 

H 

18-10-5.  J^l 

19 

12} 

27 

17} 

80 

58 

81 

50} 

25 

57} 

18101.  18-1 

85 

57} 

5 

88} 

81 

51} 

29 

10} 

85 

41} 

581.  5-} 

27 

89} 

19 

27} 

27 

89} 

32 

18} 

28 

33} 

821,  8} 

21 

47} 

81 

0} 

21 

47} 

36 

42 

22 

12} 

482.24 

15 

5* 

48 

86} 

15 

5} 

42 

If 

15 

13} 

481,44 

82 

12i 

22 

87} 

15 

56} 

38 

19} 

25 

4 

*  A  fuller  list  is  given  in  the  Introduction  to  Dana's  System  of  Mineralogy,  pp.  xx-xxiiL 
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2.  PYRITOHEDBAL  QEOUP  (2).  PYRITE  TYPE. 

68.  Typical  Formi  and  Bymmotry.— The  typical  forme  of  the  pyritohedral 
group  are  the  pyritohedron,  or  pentagonal  dodecahedron.  Figs.  112,  113, 
and  the  diploid,  or  dyakie-dodecahedron.  Fig.  118.  The  Bjmmetry  of 
these  forms,  as  of  the  group  as  a  whole,  is  as  follows:  There  are  but  three 
planes  of  symmetry;  these  are  parallel  to  the 
cubic  faces  and  coincide  with  the  planes  of  the 
cubic  axes.  The  three  oryatallographlc  axes  are 
axes  of. binary  symmetry  only;  there  are  also 
four  axes  of  trigonal  symmetry  coinciding  with 
the  octahedral  axes. 

The  spherical  projection  in  Fig.  Ill  shows 
.  the  distribution  of  the  faces  of  tli^  general 
form  {Ukl)  and  thus  exhibits  tlie  symmetry  of 
the  gi'oup.  This  sboiild  be  carefully  compared 
with  the  corresponding  projection  (Fig,  09)  for 
the  normal  group,  so  that  the  lower  grade  of 
symmetry  here  present  be  thoroughly  understood. 
In  studying  the  forms  described  and  illustrated 
in  the  following  pages,  this  matter  of  symmetry,  especially  in  relation  to  that 
of  the  normal  group,  should  be  continually  before  tne  mind. 

It  will  be  observed  that  the  faces  of  both  the  pyrltohedron  (Fig.  112)  and 
the  diploid  (Fig.  118)  are  arranged  in  parallel  pairs,  and  on  this  account  these 
forma  have  been  sometimes  called  parallel  hemihedrons.  Further,  those 
authors  who  prefer  to  describe  these  forms  as  cases  of  hemibedrism  call  this 
type  parallel-faced  bemihedrism  or  pentagonal  hemibedrism. 

67,  Pyritohedron.— The  pyrltohedron  (Fig.  112)  is  so  named  because  it  is 
a  typical  form  with  the  common  species,  pyrite.  It  is  a  solid  bounded  by 
twelve  faces,  each  of  vrhich  is  a  pentagon,  but  with  one  edge  (A,  Fig.  112) 
longer  than  the  other  four  similar  edges  (C).  It  is  often  called  a  pentagonal 
dodecahedron,  and  indeed  it  resembles  closely  the  regular  dodecahedron  of 
geometry,  in  which  the  faces  are  regular  pentagons.  This  latter  form  is, 
however,  as  already  noted  (Art.  36),  an  impossible  form  in  crystallography. 


The  general  symbol  is  (kkO)  or  like  that  of  the  tetrahexahedron  of  the 
normal  group.  Hence  each  face  is  parallel  to  one  of  the  axes  and  meets  tha 
other  two  axes  at  unequal  distances.  Common  forme  are  (410),  (310),  (210), 
(320),  etc.     Besides  the  ;>2u4  pyrltohedron,  as  (210),  there  is  also  the  comple- 
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meiitary  minus  form*  bIiowii  in  Fig.  113;  the  Bymbol  is  here  (120).  Other 
common  forma  are  (250),  (2^0),  (lilO),  etc. 

The  plus  and  minus  pyritohedrons  together  embrace  twenty-four  faces, 
having  the  same  position  as  the  twenty-fonr  like  faces  of  the  tetrahezahedron 
of  the  normal  gronp. 

68.   Combmatioiu. — The  faces  of  the  pyritohedroo  replace  the  edges  of  the 

116.  116.  117. 


cnhe,  but  make  unequal  angles  with  two  adjacent  cubic  fiices;  on  the  other 
band,  when  the  pyritohedron  is  modified  by  the  cube,  its  faces  truncate  the 
longer  edges  of  the  pentagons.     Cf.  Fig.  114. 

Fig.  115  shows  "he  combination  of  the  pyritohedron  and  octahedron,  and 
in  Fig.  lie  these  two  forms  are  eqnally  developed.  The  resulting  combination 
beat's  a  close  similarity  to  the  icosahedron,  or  regular  twenty-faced  solid, 
of  geometry  (see  Art.  3S).  Here,  however,  of  the  twenty  faces,  the  eight 
octahedral  are  equilateral  triangles,  the  twelve  others  belonging  to  the  pyrit- 
ohedron are  isosceles  triangles.  Fig.  117  shows  a  number  of  pyritohedrons 
with  the  cube  (a),  namely,  h  (410),  a  (210),  g  (320),  and  the  minus  form 
jc  (450). 

69.  Diploid. — The  diploid  is  bounded  by  twenty-four  similar  faces,  each 
meeting  the  axes  at  unequal  distances;  its  general  symbol  is  hence  {hkl),  and 
common  forms  are  (321),  (421),  etc.     The  form  (321)  is  shown  in  Fig.  118; 


the  symbols  of  its  faces,  as  given,  should  be  carefully  studied.  As  seen  in  the 
figure,  the  faces  are  qnadri laterals  or  trapeziums;  moreover,  they  are  grouped 
in  pairs,  hence  the  common  name  diploid.  It  is  also  called  a  dyakis- 
dodecahedron. 
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The  complementary  minaa  form  bears  to  Fig.  116  the  game  relation  as  the 
minas  to  the  plue  pyritohedron.  Its  faces  have  the  symbols  313,  331, 123,  in 
the  front  octant,  and  similarly  with  the  proper  negative  signs  iu  the  others. 
The  pins  and  minus  forma  together  obTionsly  embrace  all  the  faces  of  the 
hexoctahedron  of  the  normal  group. 


Pyrlte. 


Pyilie. 


Pyrite. 


In  Fig.  119  the  plus  diploid  la  shown  in  combination  with  the  cube. 
Here  the  three  faces  replace  each  of  its  solid  angles.  This  combination  form 
resembles  that  of  Fig.  89,  but  the  three  faces  are  here  noefjually  inclined 
upon  two  adjacent  cubic  faces.  Other  combinations  of  the  diploid  with  the 
cabe,  octahedron,  and  pyritohedron  are  given  in  Figs,  130  and  131. 

70.  Other  Formi. — If  the  pyritohedral  type  of  symmetry  be  applied  to 
planes  each  parallel  to  two  of  the  axes,  it  is  seen  that  this  symmetry  calls  for 
six  of  these,  and  the  resulting  form  ie  obviously  a  cnbe.     This  cnbe  cannot  bo 

124.  distinguisned  geometrically  from  the  cube  of  the  normal 

.1  group,  but  it  has  its  own  characteristic  molecular  sym- 
metry. Corresponding  to  this  it  is  common  to  find  cubes 
of  pyrite  with  fine  lines  (striationB)  parallel  to  the  alternate 
edges,  as  indicated  in  Fig.  134.  These  are  due  to  the 
partial  development  of  pyritohedral  faces  (210).  On  a 
normal  cnbe  such  striationa,  if  present,  mast  be  parallel  to 
both  sets  of  edges  on  each  cubic  face. 
Similarly  to  the  cube,  the  remaining  forms  of  this  pyritohedral  groap» 
namely,  (111),  (110),  {hhJ),  (Ml),  have  the  same  geometrical  form,  respectively, 
as  the  octahedron,  dodecahedron,  the  trisoctahedrons  and  trapezohedrons  of 
the  normal  group.  In  molecular  structure,  however,  these  forms  are  distinct, 
each  having  the  symmetry  described  in  Art.  66. 

71.  Other  combinations  of  pyritohedral  forms  are  shown  in  Figs.  122,  123, 
both  of  the  species  pyrite.  Pig.  122  is  dodecahedral  in  habit,  with  the  diploid 
t  (431),  the  trapezohedron  »  (211),  also  a  (100),  o  (111),  e  (310).  In  Fig.  133, 
a  single  angle  of  a  pynte  crystal  is  represented  with  a  (100),  o  (Ul).  d  (110); 
the  two  pyritohedrons  e  (310)  nnd  e,  (120);  the  trisoctahedron/)  (231);  the 
trapezohedrons  n  (311),  m  (311);  the  diploids  s  (321),  W  (851). 

This  species  illustrates  well  the  complexity  that  may  be  observed  amon^ 
the  crystals  of  a  given  mineral.  Not  only  is  there  wide  variation  in  habit,  bnt 
the  occurring  forms  are  also  very  numerous.  Thus  some  thirty-five  jiyrito- 
hedrons  (-f- and  — )  have  been  noted  and  a  like  number  of  diploids;  also 
five  trisoctahedrons  and  eleven  trapezohedrons. 
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73^  Aaglei. — The  foUoving  tables  contaiti  the  angles  of  some  common 
iorniB : 


Pykitoubdrons, 

Edge  A 

EdgcC 

Angle  OQ 

Angle  oi. 

Cf.  Fig.  113, 

310  a 

210, 

etc. 

210  A 

103,  etc. 

a  (100,  t-0 

0(111,  1) 

410 

38° 

H' 

76'' 

23i' 

w  ■il- 

45' 33i 

810 

86 

63i 

73 

saj 

ia  26 

■i^      61 

520 

43 

sot 

69 

«l 

21    48 

41    -i-i 

aio 

63 

'i 

66 

25J 

30    34 

89    14 

sao 

61 

55J 

63 

49i 

80    57} 

87    37 

820 

07 

S2i 

63 

30t 

83    411 

86    481 

430 

78 

441 

61 

10 

86    53J 

80      ii 

640 

77 

m 

60 

48i 

88    301 

85    451 

050 

78 

36i 

00 

331 

88    48i 

36    85] 

DiPLOIDB. 

Edge  A 

EJgeB 

Edge  C, 

Angle  ou 

Angle  or 

Cf.  Pig.  118.  831  A 

321,  e 

tc.  831  A 

821.. 

ale. 

331  A  313,  etc 

I.      0(100.  it) 

0(111.  1) 

431 

51° 

43i' 

35° 

13i' 

48°  llf 

38'  13}' 

28'    61' 

033 

58 

14i 

87 

51 J 

85    20 

85    47J 

20    30] 

631 

00 

561 

19 

37! 

19    37] 

83    IB] 

28    83] 

851 

63 

36J 

13 

6 

58    55i 

33    30] 

31    81 

831 

64 

37J 

81 

H 

88    12i 

86    43 

33    ISJ 

433 

07 

431 

43 

36i 

38    171 

43      1( 

15    131 

481 

72 

ii 

33 

37i 

43     3 

88    18] 

25     4 

3.  TETRAHEDRAL   GROUP  (3).     TETRAIIEDRITE   TYPE. 

7S.  Typical  Forms  and  Symmetry. — The  typical  form  of  this  group,  and 
that  from  which  it  derives  its  name,  is  the  tetrahedron,  bIioivii  in  Figs.  VZG, 
J.37.     There  are  also  three  other  distinct  forms,  shown  in  FigB.  133, 134, 135. 
The  symmetry  of  these  forms  is  that  which  is  cliaructeriBtic  of  the  entire 
126.  group.   There  are  Bix  planes  of  symmetry,  parallel 

reBpectively  to  tlie  f:icea  of  ti  rlionibic  dodeca- 
Ledron,  but  no  planes  of  syniniotry  parallel  to  the 
cubic  faces,  llie  tliree  cubic  axes  are  axes  of 
binary  Bymmetry  only,  and  the  four  octahedral 
axes  are  axes  of  trigonal  symmetry.  There  is  no 
center  of  symmetry. 
t  The  spherical  projection  (Fig.  12."))  shows  the 
distribution  of  the  faces  of  t]ie  general  form  {kkl) 
and  thna  exliibits  the  Bymniptry  of  the  group. 
It  will  be  Been  at  once  that  the  like  faces  are 
all  grouped  in  the  niternate  ocfaitts.  and  this  will 
be  seen  to  bo  characteriBtic  of  all  the  forms 
peculiar  to  tliia  group.  The  relation  between 
the  symmetry  here  described  and  that  of  the  normal  group  must  be  carefully 
studied. 

In  distinction  from  the  pyritohedral  forms  whose  faces  were  in  parallel 
pfurs,  the  faces  of  the  tetrahedron  and  the  analogouB  solids  are  inclined  to 
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each  other,  and  hence  they  are  sometimes  spoken  of  as  inclined  hemihedrons, 
and  the  type  of  so-called  hemihedrism  here  illustrated  is  then  called  inclined 
or  tetrahedral  hemihedrism. 

74.  Tetrahedron. — The  tetrahedron,*  as  its  name  indicates,  is  a  four-faced 
aolid,  bounded  by  planes  meeting  the  axes  at  equal  distances.  Its  general 
symbol  is  (111),  and  the^  four  faces  of  the  plus  form  (Fig.  126)  have  the 
-symbols  111,  111,  111,  111.  These  are  four  of  the  faces  of  the  octahedron 
of  the  normal  group  (Fig.  71 ),  and  those  four  which  belong  to  the  alternate 
octants  as  required  by  the  symmetry  already  defined. 

Each  of  the  four  faces  of  the  tetrahedron  is  an  equilateral  triangle;  the 
(normal)  interfacial  angle  is  109°  29'  16".  The  tetrahedron  is  the  regular 
triangular  pyramid  of  geometry,  but  crystallogranhically  it  must  be  so  placed 
that  the  axes  join  the  middle  points  of  opposite  edges,  and  one  axis  is  yertical. 


126. 


127. 


128. 


There  are  two  possible  tetrahedrons:  the  plus  tetrahedron  (111),  designated 
by  the  letter  o,  which  has  already  been  described,  and  the  minus  tetrahedron, 
having  the  same^geometrical  form  and  symmetry,  but  the  symbols  of  its  four 
faces  are  111,  111,  111,  111.  This  second  form  is  shown  in  Fig.  127;  it  is 
usually  designated  by  the  letter  o^.  These  two  forms  are,  as  stated  above, 
identical  in  geometrical  shape,  but  they  may  be  distinguished  in  many  cases 
by  the  tests  which  serve  to  reveal  the  molecular  structure,  particularly  the 
etching-figures.      It  is  probable  that  the  plus  and  minus  tetrahedrons  of 


129. 


130. 


131. 


sphalerite  (see  that  species)  have  a  constant  difference  in  this  particular,  which 
makes  it  possible  to  distinguish  them  on  crystals  from  different  localities  and 
of  different  habit. 

If  both  tetrahedrons  are  present  together,  the  form  in  Fig.  128  results. 
This  is  geometrically  an  octanedron  when  they  are  equally  developed,  but 

♦  This  18  one  of  the  five  regular  solids  of  geometry,  which  include  also  the  cube,  octa- 
hedron, the  regular  pentagonal  dodecahedron,  and  the  icosahedron ;  the  last  two  are  im- 
possible forms  among  crystals. 
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132. 


crystallographically  it  is  always  only  a  combination  of  two  unlike  forms,  the 
plus  and  minus  tetrahedrons,  which  can  be  distinguished  as  already  noted. 

The  tetrahedron  in  combination  with  the  cube  replaces  the  alternate  solid 
angles  as  in  Fig.  129.    The  cube  modifying  the  tetrahedron  truncates  its 

edges  as  shown  in  Fig.  130.  The  normal  angle  between 
adjacent  cubic  and  tetrahedral  faces  is  54°  44'.  In  Fig. 
131  the  dodecahedron  is  shown  modifying  the  plus  tetra- 
hedron, while  in  Fig.  132  the  cube  is  the  predominating 
form  with  the  plus  and  minus  tetrahedrons  and  dodeca- 
hedron. 

76.  Other  Typical  Forms. — There  are  three  other  dis- 
/  tinct  types  of  solids  in  this  group,  having  the  general 
•^^  symbols  (MA,  (A//),  and  {Jikl),  The  first  of  these  is  shown 
^^^  in  Fig.  133,  nere  the  symbol  is  (221).  There  are  twelve 
faces,  each  a  quadrilateral,  belonging  to  this  form,  dis- 
tributed as  determined  by  the  tetrahedral  type  of  symmetry.  They  correspond 
to  twelve  of<^he  faces  of  the  trisoctahedron,  namely,  all  tihose  falling  in  alter- 
nate octants.  This  type  of  solid  is  sometimes  called  a  tetragonal  tristetra- 
hedron,  or  a  deltoid  dodecahedron.  It  does  not  occur  alone  among  crystals^ 
but  its  faces  are  observed  modifying  other  forms. 


Bonicite. 


133. 


134 


136. 


There  is  also  a  complementary  minus  form,  corresponding  to  the  plus  form^ 
related  to  it  in  precisely  the  same  way  as  the  minus  to  the  plus  tetrahedron. 
Its  twelve  faces  are  those  of  the  trisoctahedron  which  belong  to  the  other  set 
of  alternate  octants. 

Another  form,  shown  in  Fig.  134,  has  the  general  symbol  {Jill),  here  (211)^ 
it  is  bounded  by  twelve  like  triangular  faces,  distributed  after  the  type 
demanded  by  tetrahedral  symmetry,  and  corresponding  consequently  to  the 
faces  of  the  alternate  octants  of  the  form  (hll) — the  trapezohedron — of  the 
normal  group.  This  type  of  solid  is  sometimes  called  a  trigofinl  tristetra^ 
hedron  or  trigondodecahedon.*  It  is  observed  both  alone  and  in  combina- 
tion; it  is  much  more  common  than  the  form  (lilil).  There  is  here  again  a 
complementary  minus  form.  Fig.  136  shows  the  plus  form  n  (211)  with  the 
plus  tetnihedron,  and  Fig.  137,  the  form  w  (311)  with  a  (100),  o  (111),  and 
d  (110).     In  Fig.  138,  the  minus  form  n^  (211)  is  present. 

*It  is  to  be  noted  that  the  tetrac:onal  tristetrahedron  has  faces  wliich  resemble  those  of 
the  trapezohedron  (tetragonal  trisoctahedron),  although  it  is  related  not  to  this  but  to  the 
trisoctahedron  (trigonal  trisoctahedron).  On  the  other  hand,  the  faces  of  the  trigonal  tris- 
tetrahedron resenible  those  of  the  trisoctahedron,  though  in  fact  related  to  the  trapeze* 
hedron. 


ISOMETRIC   SYSTEM. 


49 


The  fourth  independent  type  of  solids  in  this  group  is  shdwn  in  Fig.  135. 
It  has  the  general  symbol  (hkl),  here  (321),  and  is  bounded  by  twenty-four 
faces  distributed  according  to  tetrahedral  symmetry,  tliat  is,  embracing  all  the 
faces  of  the  alternate  octants  of  the  forty -eight-faced  hexoctahedron.  This 
form  is_sometimes  called  a  hexakistetrahedro7i.  The  complementary  minus 
form  (hkl)  embraces  the  remaining  faces  of  the  hexoctahedron.     Ihe  plus 


136. 


138. 


Tetrahedrite. 


Sphalerite. 


Boniciit*. 


hexakistetrahedron,  v  (531),  is  shown  in  Fig.  138  with  the  cube,  octahedron, 
and  dodecahedron,  also  the  minus  trigonal  tristetrahedron  n  (JsJll). 

76.  If  the  tetrahedral  symmetry  be  applied  in  the  case  of  planes  each 
parallel  to  the  two  axes,  it  will  be  seen  that  there  must  be  six  such  faces* 
They  form  a  cube  similar  in  geometrical  appearance  to  the  cube  both  of  the- 
normal  and  pyritohedral  groups,  but  differing  in  its  molecular  structure,  aa. 
can  be  readily  proved,  for  example,  by  pyro-electricity.  Similarly  in  the  case 
of  the  planes  having  the  symbol  (110),  there  must  be  twelve  faces  forming  a. 
rhombic  dodecahedron  bearing  the  same  relation  to  the  like  geometrical  form 
of  the  normal  group.  The  same  is  true  again  of  the  planes  having  the  posi- 
tion expressed  by  the  general  symbol  (hkO);  there  must  be  twenty-four  ot 
them  and  they  together  form  a  tetrahexahedron. 

In  this  group,  therefore,  there  are  also  seven  types  of  forms,  but  only  four 
of  them  are  geometrically  distinct  from  the  corresponding  forms  of  the 
normal  group. 

77.  Angles. — The  following  tables  contain  the  angles  of  some  common 
forms: 

TSTRAGONAL  TrISTBTRAHEDBONS. 


Edge  A 

EdgeB 

Angle  on 

Angle  on 

Cf.  Fig.  188. 

221  A  212,  etc. 

221  A  212,  etc. 

a(100.  t-f) 

0(111.1) 

882 

IT''  20V 

97**  50i' 

50**  14^' 

10'    ly 

221 

27    16 

90      0 

48  m 

15    47J 

552 

33    88i 

84    41 

47      7i 

19    28^ 

881 

87    51f 

80    55 

46    80^ 

22      0 

Tbioonal  Trtbtetrahedrons. 

EdgeB 

EdgeC 

Angle  on 

Angle  CD 

Cf.  Fig.  184. 

211  A  211,  etc. 

211  A  121,  etc. 

a  (100,  U) 

0(111,1) 

411 

88"  561' 

60''     0' 

19"  28i' 

85"  15}' 

722 

44      0\ 

55    50} 

22      0 

32    44 

811 

50    28f 

50    28} 

25    14} 

29    29} 

522 

58    59i 

43  m 

29    29} 

25    14} 

211 

70    31t 

38    ^^ 

85    15} 

19    28} 

822 

86    87t 

19    45 

48    18} 

11    25} 

CBT8IALL00RA.PHX. 


Hex  AK  leTETIUHED  BOH8. 

iklgeA 

EdgeB 

EdgeC 

Angle  on 

liDgle  oa 

Cf.  Fig.  1S3.  321  A  312,  elc 

.  821  A  SiS,  etc 

1,  331  A  231,  elc 

« (100.  .--.■) 

c{lll.  1) 

9;J1              27°  8S1' 

67-    7J' 

87=  89r 

82*  181' 

38'  88|' 

321              21    47} 

69      4} 

31    47} 

36    42 

22    12) 

482              10      51 

82      4J 

IS      61 

43      I] 

IS    131 

481              83    12}. 

67    22t 

16  e«i 

88    181 

39      4 

4.  PLAGIHEDRAL  QBOUP  (4).  CUPRITE  TYPE. 


78.  Typical  Fornu  and  Symmetry.— The  fourth  group  nnder  the  iBometrio 
Bjstem  is  called   the   plagiliedral    or  gjroidal  i39. 

group  because  the  faces  of  the  general  form 
(M-n  are  arranged  in  spiral  order.  This  is  shown 
on  tlie     '     '  '     "       ■"■     -■ 


7.  •t:-^,^ktr::^ 


<"' 


spherical  projection.  Fig.  139,  and  also  in 
Figs.  140,  141,  which  represent  the  single  typical 
form  of  the  group,  these  two  complementary 
solids  together  embrace  all  the  faces  of  the 
heioctahedron.  They  are  distinguished  from 
one  another  by  being  called  respectively  right- 
handed  and  left-handed  pentagonal  icoaitetra- 
hedrous.  The  other  forms  of  the  group  are 
geometrically  like  those  of  the  normal  group. 

The  symmetry  characteristic  of  the  group  in 
general  ia  as  follows  : 

There  are  no  planes  of  symmetry  and  no  center  of  symmetry.     There  are, 
however,  throe  axes  of  quaternary  symmetry  normal  to  the  cubic  faceB,  four 
140,  141.  axes   of    trigonal    symmetry 

normal  to  the  octahedral 
faces,  and  six  axes  of  binary 
symmetry  normal  to  the 
faces  of  the  dodecahedron, 
lu  other  words,  it  has  all  the 
)  axes  of  symmetry  of  the 
normal  group  while  without 
planes  or  center  of  sym- 
metry. 

79.  It  is  to  he  noted  that 
the  two  forms  shown  in  Figs. 
140, 141  are  alike  geometrically,  but  are  not  superposable ;  in  other  words,  they 
are  related  to  one  another  as  is  a  riglit-  to  a  left-hand  glove.  They  are  hence 
said  to  be  enantiomorphous,  and,  as  explained  elsewhere,  the  crystals  belonging 
here  may  be  expected  to  show  circular  light  polarization.  It  will  be  seen  that 
the  complementary  plus  and  minus  forms  of  the  preceding  groups,  unlike  those 
lien*,  may  be  superposed  by  being  rotated  90°  about  one  of  the  crystal lographio 
flXPs.  This  distinction  between  pins  and  minus  forms,  nnd  between  risTit-  and 
left-handed  enantiomorphous  forms,  exists  also  in  the  case  of  the  groups  of 
several  of  the  other  eyetenis. 

This  group  is  rare  among  minerals ;    it  is  represented  by  cuprite,  sal 
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ammoDiaCjSylvite,  and  halite.     It  is  usually  ehown  by  the  distribution  of  the 
small  modifying  faces,  or  by  the  form   of  the  etchiag-  14a 

figures.  Fig.  142  shows  a  crystal  of  cuprite  from  Goruwtul 
(Pratt)  with  the  form  z  (13  1012). 

5.  TETARTOHEDRAL  GROUP  (5).  ULLMAN- 
NITE  TYPE. 
80.  Symmetry  and  Typical  Forms. — The  fifth  remaia- 
ing  possible  group  under  the  isometric  system  is  illus- 
trated by  Fig.  144,  which  represents  the  twelve-faced 
solid  corresponding  to  the  general  symbol  {hkl).  The  dis- 
tribution of  its  faces  is  shown  in  the  projection,  Fig.  14'd. 
This  form  is  sometimes  called  a  tetrahedral- pentagonal  dodecahedron.  It  is 
seen  to  have  one-fourth  as  many  faces  as  the  form  [hkl)  in  the  norma!  group, 
hence  there  are  four  similar  solids  whloh  together  embrace  all  the  faces  of  the 
faexoctahedron.  These  four  solids,  which  are  distinguished  as  right-handed 
<+  and  -)  and  left-handed  {-|-  and  — ),  are  enantiomorphous,  liite  those  of 
Figs.  140  and  141,  and  hence  the  salts  crystallizing  here  may  be  expected  to 
also  show   circular  polarization.     The   remaining  forma  of   the  group  are 

143.  144.  146. 


^besides  the  cube  and  rhombic  dodecahedron)  the  tetrahedrons,  the  pyrito. 
nedrouB,  the   tetragonal   and   trigonal   tristetrabedrons ;   geometrically  they 
146.  147.  are  like   the  solids   of  the 

same  names  already  de- 
scribed. This  group  has 
k  no  plane  of  syraraetry  and 
'  no  center  of  symmetry. 
There  are  three  axes  of 
binary  symmetry  normal  to 
the  cubic  faces,  and  four 
axes  of  trigonal  symmetry 
normal  to  the  faces  of  the 
tetrahedron. 

This  group  is  illustrated  by  artificial  crystals  of  barium  nitrate,  strontium 
nitrate,  sodium  chlorate,  etc.  Further,  the  species  ullmannite,  which  shows 
sometimes  pyritohedral  (Fig.  146)  and  again  tetrahedral  forms  (Fig.  147), 
both  having  the  same  composition,  must  be  regarded  as  belonging  here. 
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Mathematical  Rblationb  of  the  Isometric  System. 

81.  Most  of  the  problems  arising  in  the  isometric  system  can  be  solved  at  once  by  the 
right-angled  triangles  in  the  sphere  of  projection  (Fig.  110,  p.  41)  without  the  use  of  any 
formulas. 

It  will  be  remembered  that  the  angles  between  a  cubic  face,  as  100,  and  the  adjacent 
face  of  a  tetrahexahedron,  310,  210,  8»0,  etc.,  can  be  obtained  at  once,  since  the  tangent  of 

this  angle  is  equal  to  -^,  ^  -q,  or  in  general  — . 

tan  {hkO  A  100)  =  ^. 

Since  all  the  forms  of  a  given  symbol  under  different  species  have  the  same  angles^ 
the  tables  of  angles  already  given  are  very  useful. 

Tbese  and  similar  angles  may  be  calculated  immediately^  from  the  sphere,  or  often  more 
simply  by  the  formulas  ^iven  in  the  following  article. 

82.  Formalas.— (1)  The  distance  of  the  pole  of  any  face  Filikl)  from  the  cubic  faces  is 
given  by  the  following  equations.  Here  Pa  is  the  distance  between  (hkl)  and  (100) ;  P5  is 
the  distance  between  (AA;0  and  (010);  and  Fe  that  between  (hkl)  and  (001). 

These  equations  admit  of  much  simplification  in  the  various  special  cases,  for  (hkO), 
(AAQ,  etc. : 

A'  j^s  l* 

cos*  Fa  =  ,„.,,.   »  ;        cos* P6  =  ,„..,.  .  •,        cos* Fe  = 


A*  -f  *»  +  ;* '  A*  -f  *«  -f  Z*'        ---*--  ;^s  4-  ifei  4-  /«• 

(2)  The  distance  between  the  poles  of  any  two  faces  F(hM)  and  Q{pqr)  is  given  by  the 
following  equation,  which  in  special  cases  may  also  be  more  or  less  simplified  : 

cos  PO  -  hp  +  kq+lr 

''^^  ^"^       i/(A*  -f  **  +  n  (p*  +  g*  +  r*) 

(8)  The  calculation  of  the  supplement  interfacial  or  norma]  angles  for  the  several  forms 
may  be  accomplished  as  follows : 

Triaoeiahedron, — The  angles  A  and  B  are,  as  before,  the  supplements  of  the  inter- 
facial angles  of  the  edges  lettered  as  in  Fig.  88. 

^       A»-f2A;  ^      2A«-i* 

^^'^=2AMniJ  ^«*^  =  2FT^- 

For  the  tetragonal-irUieiraJiedron  (Fig.  138),   cos  B  =    ,,^  .   ,^. 

2A*  +  r 

TrapeioJudron  (Fig.  92).  B  and  C  are  the  supplement  angles  of  the  edges  as  lettered  in 
the  figure. 

T,  ^'  ^       2A/  +  r* 

^^®  =  AMF2?'         «^«c=FT^- 

A*  —  2/* 
For  the  irigonal'trUietrdhedron  (Fig.  184),      cos  B  =  -^ 

A  -j-  «" 

TetrdhexaJiedron  (Fig.  82). 

A*  ^         2A* 

cos  A  =  ,„  .   ,^ :  cos  C  = 


A«  +  A;*  •           """  A*  +  **• 

A*  —  ife*  hJc 

For  the  pyritohedron  (Fig.  112),  cos  A  =  , ,      . ^  ;  cos  C  =  -,       . ,. 

Hexoetahedron  (Fig.  102). 

A*4-2*^                 ^      A*+A;«-i*  ^         2AA;-h^* 

cos  A  =  ,,..>.      ',      cos  B  =  1,  .   ,^  .      ',  cos  C  = 


A*-f**4-Z**  A»4-A^4-/*'      ""'' ^  -  A* -h  A;*  H- /*• 

For  the  diploid  (Fig.  118),  cos  A  =  ^-,-p^,  [J"-^, :      cos  C  =  j/^^^^,^^^. 

A*  —  2A:/ 
For  the  fiexaMsUtrdhedron  (Fig.  185),        cos  B  = 


A«  4-  A;*  -f  i*' 
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II.  TETKAGONAL  SYSTEM. 

88.  The  Tetragonal  System  includes  all  the  forms  which  are  referred 
to  three  rectangular  axes  of  which  the  two  lateral  axes  are  equal  to  each  other 
and  the  third,  the  vertical  axis,  is  either  shorter  or  longer.  The  lateral  axes 
are  designated  by  the  letter  a;  the  vertical  axis  by  i  (see  Fig.  149).  The  length 
of  the  vertical  axis  expresses  properly  the  axial  ratio  of  a  :d,a  being  uniformly 
taken  as  equal  to  unity. 

Seven  groups  are  embraced  in  this  system.  Of  these  the  normal  group  is 
common  and  important  among  minerals ;  two  others  have  several  representatives, 
and  another  a  single  one  only.  It  may  be  noted  that  in  four  of  the  groups  the 
vertical  axis  is  an  axis  of  tetragonal  symmetry;  in  the  remaining  three  it  is  an 
axis  of  binary  symmetry  only. 


1,  NORMAL  GROUP  (6).    ZIRCON  TYPE. 

84.  Symmetry. — The  forms  belonging  to  the  normal  group  of  the  tetragonal 
system  (cf.  Figs.  149  to  171)  have  one  principal  plane  of  symmetry,  the  plane 
of  the  lateral  axes  a,  a;  further,  at  right  angles  148. 

to  this,  and  meeting  each  other  at  angles  of  45° 
in  the  vertical  axis,  c,  two  pairs  of  planes  of  sym- 
metry, like  two-and-two.  One  of  these  sets,  the 
axial  planes,  pass  through  the  crystallographic 
axes,  a,  a,  and  are  hence  parallel  to  the  faces 
lettered  a ;  the  others  are  diagonal  to  them,  or 
parallel  to  the  faces  m. 

Further,  the  vertical  axis,  6,  is  a  principal  axis 
of  tetragonal  symmetry;  there  are  also  four  axes 
of  binary  symmetry,  like  two-and-two  ;  one  set 
coincides  with  the  lateral  axes  a,  a;  the  others  are 
diagonal  to  them. 

The  distribution  of  the  faces  of  the  general 
form,  hkl,  belonging  to  this  group,  is  shown  in  the  spherical  projection. 
Pig.  148. 

85.  Forms. — The  various  possible  forms  under  the  normal  group  of  this 
system  are  as  follows : 


1.  Base  or  basal  pinacoid  . . . . 

2.  Diametral  prism,  or  prism 

of  the  second  order 


Miller. 
(001) 


CO  rt  :  CO  a:(? 


Naumann. 
OP  or  0,  c 


I  ....(100) 

3.  Unit  prism,  or  prism  )  /nm 

of  the  first  order       j ^^^"^ 

4.  Ditetragonal  prism . . . ; (hkO) 

as,  (310)  i.3;  (210)  u2;  (320)  i-f,  etc. 

6.  Pyramids  of  the  diametral )         /,  ^7v         ^  .  ^  „  .^,^ 
or  second  order  \""  (*^^)         aic^a.mc 

as,  (203)  fi;  e  (101)  14;  (201)  2-1,  etc. 


a  :  CO  a  :  CO  c         ooPcoor  t-i,  a 


a  :a  :co  c 


a  :  7ia  :  CO  c 


CO  P  or  /,  m 
CO  Pn  or  i-w 

mP  CO  or  m-i 
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Miller.  Nmiduuio. 

6.  Pjr.mld»ofa.«iimt,l (jj,,        a:.:mc  mP  o,  m 

or  firtt  order,  )  ^     ' 

u,  (223)  (;  (111)  1;  (221)  2,  «to. 

7.  Diteteigon.lpjr.mid.,  I , ,,„,        a:«a:mc  mPn  or  «■-» 

or  Zirconoids,  )  ^      ' 

as,  (421)  4-2;  (321)  3-|;  (122)  1-2,  etc. 

86.  Baial  Finaooid  or  Base. — The  base  is  that  form  which  includes  the  two 
similar  faces  which  are  paraljel  to  the  plane  of  the  lateral  axes.  These  faces 
ha»e  the  symbols  001  and  001  respectively  ;  it  is  an  "open  form,"  as  they  do 
not  inclose  a  space,  consequently  this  form  can  occur  only  in  combination  with 
other  forms.  Cf.  figs.  149-152,  etc.  This  form  is  always  lettered  c  in  thia 
work. 

87.  Friims. — Prisms,  in  systema  other  than  the  isometric,  have  been  defined 
to  be  forms  whose  faces  are  parallel  to  the  vertical  axis  {c)  of  the  crystal, 
while  they  meet  the  two  lateral  axes  ;  in  this  system  the  foor-facd  form  whose 
plaiiea  are  parallel  both  to  the  vertical  and  a  lateral  axis  is  also  called  a  prism. 
There  are  hence  three  typea  of  priams  here  included, 

88  Diametral  Prism.— The  diametral  prism  shown*  in  combination  with 
the  base  in  Fig.  149  includes  the  four  faces  which  are  parallel  at  once  to  the 
vertical  and  to  a  lateral  axia;  it  haa,  therefore,  the  general  symbol  (100).  It 
is  a  square  priam,  that  is,  the  angle  between  anv  two  adjacent  faces  is  90". 

The  diametral  priam  is  often  called  the  prism  of  the  second  order ;  it  is 
uniformly  designated  bv  the  letter  a,  and  its  faces,  taken  in  order,  have  the 
symbols  100,  010, 100,  olo. 

It  will  bo  seen  that  the  combination  of  this  form  with  the  base  is  the 
analogue  of  the  cube  of  the  isometric  system.     It  has  fonr  similar  vertical 
edges  and  eight  similar  lateral  edges.     It  has  also  eight  similar  solid  angles. 
149.  ISO.  151.  162. 


89.  Unit  Prism. — The  unit  prism  includes  the  four  faces  which,  while 
parallel  to  the  vertical  axis,  meet  the  lateral  axes  at  equal  distances ;    its 

*  III  Figs.  140-11)3  the  lUnieDKluDS  of  tlie  form  nre  iiiudc  lo  eorrespnuil  to  tlie  nssiimtd 
length  iif  tlic  vertlcnl  nxi!i(here  *  =  1'78  hs  In  ocrnhe<Inte)  u«cil  i[i  Fig.  156.  It  niu«  be 
noieil,  lioweviT,  tlini  in  the  case  of  actiml  crystnis  of  theftc  forma,  while  the  tetragonal 
syTnmclry  is  iiBiinlly  Indlcateil  hy  Ihe  unlike  pliysicnl  cliaracter  nf  the  fnce  e  ns  compared 
with  llic  faces  a.  m.  ere.  in  Ihe  verlicnl  pritmatic  zone,  no  inference  can  be  drawn  ne  to  Iba 
relative  IciiKlh  of  the  vertical  axis,  llila  lant  enn  tie  detcrmlneil  only  when  a  pyramid  is 
present :  it  h  hxai  for  tlie  apcclea  wUeu  a  particular  pyramid  ia  cbosto  ae  fuodameiiul  or 
unit  form,  as  explained  later. 
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general  symbol  is  consequently  (110).  Like  the  preceding  form,  it  is  a  square 
prism,  with  interfacial  angles  of  90°.  It  is  shown  in  combination  with  the 
base  in  Fig.  150.  It  is  often  called  the  prism  of  the  first  order,  and  is  uniformly 
designated  by  the  letter  m.  The  symbols  of  its  faces,  taken  in  order,  ai*e  110, 
110,  ilO,  110. 

The  faces  of  the  unit  prism  truncate  the  edges  of  the  diametral  prism  and 
vice  versa.  When  both  are  equally  developed,  as  in  Pig.  151,  the  result  is  a 
regular  eight-sided  prism,  which,  however,  it  must  be  remembered,  is  a  com- 
bination of  two  distinct  forms. 

It  is  evident  that  the  two  prisms  described  do  not  differ  geometrically  from 
one  another,  and  furthermore,  in  a  given  case,  the  symmetry  of  this  group 
allows  either  to  be  made  the  unit,  and  the  other  the  diametral,  prism  according 
to  the  position  assumed  for  the  lateral  axes.  If  on  crystals  of  a  given  species 
both  forms  occur  together  equally  developed  (or,  on  the  other  hand,  separately 
on  different  crystals)  and  without  other  faces  than  the  base,  there  is  no  means 
of  telling  them  apart  unless  by  minor  characteristics,  as  striations  or  other 
marking  on  the  surface,  etchings,  etc. 

90.  Ditetragonal  Prism. — The  ditetragonal  prism  is  the  form  which  is 
bounded  by  eight  similar  faces,  each  one  of  which  is  parallel  to  the  vertica]_ 
axis  while  meeting  the  two  lateral  axes  at  unequal  distances.  It  has  the 
general  symbol  (hkO).  It  is  shown  in  Fig.  152,  where  (hkO)  =  (210).  The 
successive  faces  have  here  the  symbols  210, 120,  120,  3lO,  2l0,  I50,  l30,  210. 

In  Fig.  164  a  combination  is  shown  of  this  form  (f/  =  310)  with  the 
diametral  prism,  the  edges  of  which  it  bevels.  In  Fig,  168  it  bevels  {h  =210) 
the  edges  of  the  unit  prism  m.  In  Fig.  169  it  is  combined  {I  =  310)  with 
both  the  square  prisms. 

91.  Pyramids. — There  are  three  types  of  pyramids  in  this  group,  cor- 
responding, respectively,  to  the  three  prisms  which  have  just  been  described* 

•  As  already  stated,  the  name  pyramid  is  given  (in  systems  other  than  the 
isometric)  to  a  form  whose  planes  meet  all  three  of  the  axes;  in  this  system 
the  form  whose  planes  meet  the  axis  6  and  one  lateral  axis  while  parallel  to 
the  other  is  also  a  pyramid.  The  pyramids  of  this  group  are  strictly  double 
pyramids. 

92.  Diametral  Pyramid.— The  diametral  pyramid,  or  pyramid  of  the 
second  order,  is  the  form.  Fig  153,  whose  faces  are  parallel  to  one  of  the 
lateral  axes,  while  meeting  the  other  two  axes.  The  general  symbol  is  (hOl). 
These  faces  replace  the  basal  edges  of  the  diametral  prism  (Fig.  154),  and  the 
solid  angles  of  the  unit  prism  (cf.  Fig.  155).  It  is  a  square  pyramid  (also 
called  a  sauare  octahedron),  since  its  basal  section  is  a  square,  and  the  inter- 
facial angles  over  the  four  terminal  edges,  above  and  below,  are  equal.  The 
successive  faces  of  the  form  (101)  are  as  follows:  Above  101,  Oil,  101,  Oil; 
below  101,  Oil,  101,  oil. 

If  the  ratio  of  the  intercepts  on  the  lateral  and  vertical  axes  is  the  assumed 
axial  ratio  of  the  species,  the  symbol  is  (101),  and  the  form  is  designated  by 
the  letter  e.  This  ratio  can  be  deduced  from  the  measurement  of  either  one 
of  the  interfacial  angles  {y  or  z)  over  the  terminal  or  basal  ed^es,  as  explained 
later.  In  the  case  of  a  given  species,  a  number  of  diametral  pyramids  may 
occur,  varying  in  the  ratio  of  the  axes  n  and  L  Hence  there  is  possible  an 
indefinite  number  of  such  forms  whose  svmbols  may  be,  for  example,  (104),. 
(103),  (102),  (101),  (302),  (201),  (301),  etc.  Those  mentioned  first  come 
nearest  to  the  base  (001),  those  last  to  the  diametral  prism  (100);  the  base  is 
therefore  the  limit  of  these  pyramids  (liOl)  when  A  =  0,  and  the  diametral 
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prism  (100)  when  h  =  «,  aod  /  =  1;  or,  what  is  the  aame  thing,  when  h  =  I 
and  1  =  0.  Fig.  165  shows  the  three  diametral  pyramids  u  (105),  e  (LOl), 
?  (201). 


93.  Unit  Pyramid. — A  unit  pyramid,  or  pyramid  of  the  first  order,  is  s 
form  whose  eight  similar  faces  intersect  the  two  lateral  uses  at  equal  dis- 
tances and  also  intersect  the  vertical  axis.  It  lias  the  general  symbol  (hhl). 
Like  the  diametral  pyramid,  it  ia  a  square  pyramiil  (or  square  octahedron) 
with  eqnal  interfacia)  angles  over  the  terminal  edges,  and  tlie  faces  replace 
the  lateral,  or  basal,  edges  of  the  unit  prism.  If  the  ratio  of  the  vertical  to  the 
lateral  axis  for  a  given  unit  pyramid  is  the  assumed  axial  ratio  for  the  .species, 
the  form  is  csM^  the  fundamental  form,  and  it  has  the  syml>ol  (111)  asjn 
Fig.  ]r>0.     Its  faces  mentioned  in  order  as  before  are:   Above  111,  111,  111, 

111;  below  Hi,  ill,  Hi,  111. 


166. 


IBS. 


r^^ 


X^ 


Zircon.  Zircon.  Ap(i]iliyll[ie 

Obviously  the  angles  of  the  unit  pyramid,  and  hence  its  gooiuetrica] 
aspect,  vary  widely  with  the  length  of  the  vertical  iwie.  For  Fig.  156  (octa- 
hedrite)  i  =  1-78;  for  Fig.  IGl  ;)  =  (111)  and  A  =  0'64. 

For  H  given  species  there  may  be  a  nnmber  of  unit  pyramids,  varying  in 
position  according  to  the  ratio  of  the  vertical  to  the  lateral  jixis.  'J'lieir 
symhola,  passine  from  the  base  (001)  to  the  unit  prism  (110).  mav  thus  he 
(il5),  (113),  (323),  (HI).  (333),  (231),  (441),  etc.  In  the  general  Symbol  of 
these  forms  ihhl),  as  h  diminishes,  the  form  approsimntes  more  and  more 
nearly  to  the  base  (001).  for  winch  7*  ■=  0;  as  h  tncroases,  the  form  imsses 
towarl  the  unit  priwrn,  for  which  /i  =  •>:  if  /  =  1,  that  is,  for  whicli  h  =  \ 
if  ?  =  0.  In  Fig.  158  two  pyramids  of  this  order  are  shown,  p  (HI)  and 
u  (331). 
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The  faces  of  the  nnit  pynunida  replace  the  terminal  edges  of  the  tinit  prism 
(Figs.  157, 160)  and  the  solid  angles  of  the  diametral  prism  (Fig.  159). 


1=^^ 


Apophylllte. 


The  application  of  the  zonal  relations  proves  that  a  diametral  pyramid 
truncating  the  pyramidal  edges  of  a  given  unit  pyramid  has  the  same  ratio  as 
it  has  for  A  to  I.  Thus  (101)  ti-uncates  the  terminal  edge  of  (111);  (201)  of 
(221),  etc.  Again,  iC  a  unit  pyramid  truncates  the  pyramidal  edges  of  a  given 
diametral  pyramid,  its  ratio  for  h  to  I  is  Aa//'that  of  the  other  form;  that  is, 
(112)  truncates  the  pyramidal  edges  of  (lOl);  (111)  of  (201),  etc.  These 
relations  are  exhibited  hy  Fig.  1G5,  and  the  basal  and  spherical  projections 
(Figs.  170,  171)  corresponding  to  it.  Here  e  (101)  and  w  (105)  tnincate  the 
terminal  edges  otp  (111)  and  r  (115),  respectively,  while  p  (111)  truncates  the 
edges  of  y  (301). 

84.  Ditetragonal  Pyramid,  or  Zirconoid. — The  diletrac/onal  ppramtd,  or 
double  eight-sided  pyramid,  is  the  form  each  of  whose  sixteen  similar  faces 
meets  the  three  axes  at  unequal  distances.  This  is  the  most  general  case  of 
the  symbiil  {kkl),  where  h,  k,  I  are  all  uneqnal  and  no  one  is  equal  to  0.  That 
there  are  sixteen  faces  in  a  single  form  is  evident.  Thus,  for  example,  for  the 
form  (212)  the  face  313  is  similar  to  122,  the  two  lateral  axes  being  equal 
(not,  however,  to  221).  Hence  there  are  two  like  faces  in  each  octant. 
Similarly  the  symbols  of  all  the  faces  in  the  successive  octants  are,  therefore, 
as  follows: 

Above    212     122     123     5l2     T52     132     152     2l2 
Below    215    123    l:5    3l3    313    133    133    2l3      , 
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This  form  is  common  with  the  species  zircon,  and  ia  hence  often  called  a 
xirconoid.  It  is  shown  in  Fig.  166.  It  is  not  observed  alone,  though  some- 
times, aa  in  Figs  167  (x  =  311)  and  168  (i  =  321),  it  is  the  predominating 
form.  In  Fig.  169  two  zircouoids  occur,  damely,  (  (313)  and  z  (dil).  Of.  also 
Figs,  6,  8,  9  of  zircon  on  p.  8. 

106.  167.  108.  169. 


95.  In  addition  to  the  perspective 


(Fig  170)  18  added  of  the  crystal  of  octahedrite 
already  referred  to  (Fig.  165) ;  also  a  spherical  pro- 
jection of  the  same  (Fig-  171)  with  the  faces  of  the 
form  (313)  added.  These  exhibit  well  the  general  re- 
lations of  this  normal  group  of  the  tetragonal  system. 
The  symmetry  here  is  to  be  noted,  firat,  with  respect 
to  the  similar  zones  100,  001,  100  and  010,  001,  OlO; 
also,  second,  that  of  the  other  pair  of  similar  zones, 
110,  001,  IIO,  and  lIO,  001,  IlO. 


Cnaaiterht.  Buttle 

igiires  already  given,  a  basal  projectioo 
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2.  HEMIMORPHIC  GROUP  (7). 

96.  Symmetry. — This  group  differs  from  the  normal  group  only  in  having^ 

no  plane  of  symmetry  through  the  plane  of  the 
transverse  axes;  hence  the  forms  are  hemimor 
phic  as  defined  in  Art.  29.     It  is  not  known  to 
be  represented  among  minerals,  and  is  sufficiently 
illustrated  bj  the  spherical  projection  (Fig.  172). 
Here  the  two   basal  planes  are  distinct  forms,. 
I      001  and  001;  the  prisms  do  not  differ  geometri- 
j^  cally  from  those  of  the  normal  group,  though  dis 
f      tinguished  by  their  molecular  structure;  further,, 
the  pyramids  are  no  longer  double  pyramids,  but 
each  form  is  represented  by  one  half  of  Figs.  153,. 
156,  166  (cf   Fig.  50,  p    18).     There  are  hence 
six  distinct  pyramidal  forms,  corresponding  to 
the  upper  and  lower  halves  of  the  unit  pyramid^ 
the  diagonal  pyramid  and  the  ditetragonal  pyramid. 


3.  PYRAMIDAL  GROUP  (8).  SCHEELITE  TYPE. 

97.  Typical  Forms  and  Symmetry. — The  forms  here  included  have  one 
plane  of  symmetry  only,  that  of  the  transverse  axes,  and  one  axis  of  tetragonal 
symmetry  (the  vertical  axis)  normal  to  it.     The  173. 

distinct  forms  are  the  tetragonal  prism  (hkO) 
and  pyramid  (hkl)  of  the  third  orde?-,  shown  in 
Figs.  174,  175. 

The  distribution  of  the  faces  of  the  general 
form  (hkl)  on  the  spherical  projection.  Fig.  173, 
exhibits  the  symmetry  of  the  group.  Comparing 
this,  as  well  as  the  figures  immediately  following, 
with  those  of  the  normal  group,  it  is  seen  that 
this  group  differs  from  it  in  the  absence  of  the 
vertical  planes  of  symmetry  and  the  horizontal 
axes  of  symmetry  Further,  half  the  faces,  be- 
longing to  each  octant,  of  the  normal  form  (hkl) 
shown  in  Fig.  166  only  are  present,  and  these  are  ^ 
the  faces  situated  in  a  vertical  zone,  from  001  to  001. 

98.  Prism  and  Pyramid  of  the  Third  Order.— The  typical  forms  of  the 
group,  as  above  stated,  are  a  square  prism  and  a  square  pyramid,  which  are 
distinguished  respectively  from  the  square  prisms  a  (100)  and  tn  (110),  shown 
in  Figs.  149  and  150,  and  from  the  square  pyramids  (hOl)  and  (hhl)  of  Figs. 
153  and  156  by  the  name  "third  order. 

There  are  two  complementary  forms  in  each  case,  designated  left  and  right, 
which  together  include  all  the  faces  of  the  ditetragonal  prism  (Fig.  152)  and 
ditetragonal  pyramid  (Fig.  166)  of  the  normal  group 

The  faces  of  the  two  complementary  prisms,  as  (210),  are: 

Left:     210,    120,    5iO,    l50. 
Bight:   120,    2lO,    I50,    210. 
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The  faces  of  the  corresponding  pyramids^  as  (212)^  are: 

Left:      above  212,  l22,  3l2,  l22;    below  2l2,  l22,  2!2,  l22. 
Right:   above  122,  2l2,  122,  2l2;    below  122,  2l2,   122,  2l2. 

Fig.  176  gives  a  transverse  section  of  the  prisms  a  (100)  and  m  (110),  also 
Ihe  prism  of  the  third  series  (120).  Fig.  175  shows  the  right  pyramid  (122) 
eorresponding  to  the  same  prism. 


174. 


120 


176. 


176. 


99.  Other  Forms. — The  other  forms  of  this  group,  that  is,  the  base  c  (001) ; 
the  other  square  prisms,  a  (100)  and  m  (110);  also  the  square  pyramids  (AO^) 
and  {hhl)  are  geometrically  like  the  corresponding  forms  of  the  normal  group 
already  described. 

100.  To  this   group   belongs  the   important    species   scheelite;   also  the 


177. 


178. 


Scheelite. 


SchecUte. 


179. 


m 


m 


a 


Meiouite. 


tpristics  of  the  group.  Here  the  forms  are  e  (101),  p  (HI),  and  the  third- 
order  pyramids  I  (515),  h  (313)  ^  (212),  s,  (131).  kg  179  represents  a 
meionite  crystal  with  r  (111)  and  the  third-order  pyramid  z  (311)  See  also 
FiRB.  181.  182,  in  which  the  third-order  prism  is  shown. 

The  forms  of  this  group  are  sometimes  described  (see  Art.  28)  as  showing 
pyramidal  hemihedrism  ;  hence  the  name  here  given. 
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4.   PYRAMIDAL-HEMIMORPHIC   GROUP  (9).    WULFENITE  TYPE. 

101.  Symmetry. — The  fourth   group  of  the  tetragonal  system  is  closely 

related  to  the  group  just  described.  It  has  tht» 
same  vertical  axis  of  tetragonal  symmetry,  but 
there  is  no  transverse  plane  of  symmetry.  The 
forms  are,  therefore,  hemimorphic  in  the  distribu- 
tion of  the  faces  (of.  Fig.  180).  Tlie  species 
wulfenite  of  the  Scheelite  Oroup  among  minerul 
species  probably  belongs  here,  although  the  crys 
tals  do  not  always  show  the  difference  between 
the  pyramidal  faces,  above  and  below,  which 
would  characterize  distinct  complementary  forms. 
Figs.  181,  182  could,  therefore,  serve  as  illustra- 
tions of  the  preceding  group,  but  in  Fig.  183  a 
characteristic  distinction  is  exhibited.  In  these 
figures  the  forms  are  u  (102),  e  (101),  n  (lll)r 
also/ (230),  k  (210),  z  (432),  x  (311). 
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Figs.  181-183,  Wulfenite. 

5.    SPHENOIDAL  GROUP  (10).    CHALCOPYRITE  TYPE. 

102.  Typical  Forms  and  Symmetry.— The  typical  forms  of  this  group  are 
the  sphenoid  (Fig.  185)  and  the  tetragonal  scalenohedron  (Fig.  186).  They 
and    all  the    combinations  of  this    group    are  184. 

characterized  by  the  presence  of  two  vertical 
planes  of  symmetry;  these  are  diagonal  to  the 
crystallographic  axes  and  intersect  at  angles  of 
90""  in  the  vertical  axis,  which  is  an  axis  of  binary 
symmetry  onljr.  Further,  the  two  horizontal 
crystallographic  axes  are  axes  of  binary  sym- 
metrv. 

This  symmetry  is  exhibited  in  the  distribution 
of  the  faces  of  the  general  form  {hkX)  in  the 
spherical  projection  (Fig.  184).  It  is  seen  here 
tnat  the  faces  are  present  in  the  alternate  octants 
only,  and  it  will  be  remembered  that  this  same 
statement  was  made  of  the  tetrahedral  group 
under  the  isometric  system.    There  is  hence  a  close  analogy  between  these 
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two  groups.    The  aymmetry  of  this  group  should  be  carefully  compared  with 

that  of  the  first  and  third  groups  of  this  system  already  described. 

103.  Sphenoid. — The  sphenoid,  shown  in  Fig,  185,  is  a  four-faced  solid, 
resembling  a  tetrahedron,  but  each  face  is  an  isosceles  (not  an  oqiiilateral) 
triangle.  Tbe  general  symbol  of  the  plus  unit  sphenoid  is  (111),  and  the 
faces  have  the  symbols:  111,  111,  111,  111.  The  complementary  minus 
sphenoid  liu£  the  symbol  (lllj,  and  these  two  forms  include  all  tiie  face^  of 
the  uuiL  pyramid  (111)  of  the  normal  group.  When  they  occur  togelhci,  it 
«quatiy  developed,  the  resulting  solid,  though  having  two  unlike  sels  of  fiices, 
oauuot  be  distinguished  geometricalJv  from  the  square  pyramid  (111). 

In  tlie  species  ohalcopyrite,  which  belongs  to  this  group,  the  deviation  iu 
angle  and  in  axial  ratio  from  tlie  isometric  system  is  very  small,  and  hence 
the  unit  sphenoid  cannot  by  the  eye  be  distinguished  from  a  tetrahedron 
(compare  Fig.  187  with  Fig.  128,  p.  47).  For  this  species  t  =  0-D85  (instead 
of  1,  as  in  the  isometric  system),  and  the  normal  sphenoidal  angle  is 
108°  40',  instead  of  109°  28',  the  angle  of  the  tetrahedron.  Hence  a  crystal 
with  both  the  plus  and  minus  sphenoids  equally  developed  closely  resembles  a 
regular  octahedron. 

In  Fig  IsS  the  diametral  pyramids  e  (101)  and  z  (201)  are  also  present, 
also  the  base  c  (001). 

104.  Tetragonal  Scalenohedron. — The  sphenoidal  symmetry  yields  another 
distinct  type  of  form,  that  shown  in  Fig.  18(i.     It  is  bounded  by  eight  similar 

jgg  jgg  scalene  triangles,  and  hence  is  called  a 

tetragonal  scalenohedron;  the  general 
symbol  is  {hkl).  The  faces  of  the  com- 
plementary plus  and  minus  forms  embrace 
all  the  faces  of  the  ditetragonal  pyramid 
This  form  appears  in  combination  in 
ehalcopyrite,  but  is  not  observed  inde- 
pendently. In  Fig.  189  the  form  a  (531) 
IS  the  plus  tetragonal  scalenohedron. 

105.  Other  FormB,— The  other  forms 
of  the  group,  namely,  the  two  square 
prisms,  the  ditetragonal  ])rism,  and  the 


two  square  pyramids  {hlil)  and  (AO/),  are 
nal  group.     The  lower  symmetry  in  the 


geometrically  like  those  of  the  normal  group. 

niolecnlar  structure  is  only  revealed  by  special  investigation,  as  liy  elching. 


Figs.  187-188,  Chalcopyriie. 
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6.  TRAPEZOHEDRAL  GROUP  (11). 

106.  The  trapezohedral  ffroiip  is  analogous  to  the  plagihedral  group  under 
the  isometric  system ;  it  is  cTiaracterized  by  the  absence  of  any  plane  or  center 
of  symmetry ;  the  vertical  axis,  however,  is  an  axis  of  tetragonal  symmetry,  and 
perpendicular  to  this  there  are  four  axes  of  binary  symmetry.  The  distribu- 
tion of  the  faces  of  the  general  form  (hkl)  is  shown  in  the  spherical  projection. 
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Pig.  190,  and  Fig.  191  gives  the  resulting  solid,  a  tetragonal  trapezohedron. 
The  complementary  right-  and  left-handed  forms  embrace  all  the  faces  of  the 
ditetragonal  pyramid  of  the  normal  group.     These  two  forms  are  enantiomor- 
phous,  and  the  salts  belonging  to  this  group  show  circular  polarization. 
Phosgenite  (p.  364)  probably  belongs  to  this  group  (Goldschmidt). 

7.  TETARTOHEDRAL   GROUP  (12). 

107.  Symmetry. — The  seventh  and  last  possible  group  under  this  system 
has  no  plane  nor  center  of  symmetry,  but  the  192. 

vortical    axis  is    an   axis  of   binary   symmetry. 
The  distribution  of  the  faces  of  the  general  form 
(hkl)  is  shown  on  the  sphere  of  projection  (Fig. 
192),  and  the  solid  resulting  is  a  sphenoid  of  the 
third  order.     There  are  also  three  other  possible 
forms  complementary  to  this,  and  the  four  are 
respectively    distinguished   as   right  (+  and  — ) 
ana  left  (+  and  — ).      These  four  together  em- 
brace all   the  sixteen  faces  of  the  ditetragonal       \  / 
pyramid.     The  other  characteristic  forms  of  this        \        ^ 
group  are  the  prism  of  the  third  order  {hkO),  the            \ 
plus  and  minus  sphenoids  of  the  first  order  (111), 
and  also  those  or  the  second  order  (101).     This 
group  has  no  known  representative. 

Mathematical  Relations  of  the  Tetragonal  System. 

108.  Choice  of  Azet. — It  appears  from  the  discussion  of  the  symmetry  of  the  seven  groups 
<if  this  system  that  with  all  of  them  the  position  of  the  vertical  axis  is  fixed.  In  groups  1,  2, 
however,  where  there  are  two  sets  of  vertical  planes  of  symmetry,  either  set  may  be  made 
the  axial  planes  and  the  other  the  diagonal  planes.  The  choice  between  these  two  possible 
positions  of  the  lateral  axes  is  guided  particularly  by  the  habit  of  the  occurring  crystals 
^Dd  the  relations  of  the  given  species  to  others  of  similar  form. 
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109.  Determination  of  the  Axial  Batio,  eto. — The  following  relations  serve  to  connect 
the  sl\\vl\  ratio,  that  is,  the  length  of  the  vertical  axis  h,  when  a  =  1,  with  the  fuudaiueutal 
angles  (001  a  101)  uud  (001  a  HI): 

tan  (001  A  101)  =  ^;  tan  (001  a  HI)  X  ^  V2"=  L 

For  faces  in  the  same  rectangular  zone  the  tangent  principle  applies.  The  moat  impor- 
tant cases  (cf.  Fig.  171)  are: 

tan  (001  A  hOl)  _  A. 

tan  (001  A  101)  "   I ' 

tan  (001  A  Okl)  _  *. 
tan  (001  A  Oil)  ""  l* 

tan  (001  A  MQ  __  h 
tan  (001  A  HI)  "  l' 
For  the  prisma 

A  k 

tan  (010  A  AJfeO)  =  -j^,         or        Un  (100  A  A^)  =  t-. 

110.  Other  Calenlations.— It  will  be  noted  that  in  the  spherical  projection  (Fig.  171)  all 
those  spherical  triangles  are  right-angled  which_are  formed  by  great  circles  (diameters)  which 
meet  the  prismatic  zone-circle  100,  010.  100,  010.  Again,  all  those  formed  by  great  circles 
drawn  between  100  and  100,  or  010  and  010,  aud  crossing  respectively  the  zone-circles  100, 
001,  100,  or  010,  001,  010.  Also,  all  those  formed  by  great  cjrcles  drawn  between  110  and 
Ifo  and  crossing  the  zone- circle  ilO,  001,  110,  or  between  110  and  110  and  crossing  the 
zone-circle  110,  001,  110. 

These  spherical  triangles  may  hence  be  readily  used  to  calculate  any  angles  desired;  for 
example,  the  angles  between  the  pole  of  any  face,  as  hkl  (say  821),  and  the  pinacoids  100, 
010,  001.  The  terminal  angles  (2  and  z.  Fig.  166)  of  the  ditetragonal  pyramid,  212  a  2l!^ 
(or  818  A  818,  etc.).  and  212  a  122  (or  818  a  188,  etc.),  can  also  be  obtained  in  the  same 
way.  Ttie  zonal  relations  give  the  symbols  of  the  poles  on  the  zones  001,  100  and  001,  110 
for  the  given  case.  For  example,  the  zone^ircle  110,  818,  188.  110  meets  ilO,  001, 110  at 
the  pole  223.  aud  the  calculated  angle  818  a  223  is  half  the  angle  818  a  133.  If  a  large 
number  of  similar  angles  are  to  be  calculated,  it  is  more  convenient  to  use  a  formula, 
as  that  given  below. 

111.  Formulas. — It  is  sometimes  convenient  to  have  the  normal  interfacial  angles 
expressed  directly  in  terms  of  the  axis  6  and  the  indices  A,  k,  and  I.    Thus  : 

(1)  The  distances  of  the  pole  of  any  face  P  (hkl)  from  the  pinacoids  a  (100)  =  Pa» 
b  (010)  =  P6,  c  (001)  =  Pc  are  given  by  the  following  equations : 

cos*  Pa  =  ,,  ,   .    ,^  .   .    ,,  ;    cos*  P6  =  ^,  ,   ■    ,.  a   .    ..  ;    cos*  Pc  = 


These  may  also  be  expressed  in  the  form 

tan*  Pa  =  -j^  I     tan»  P*  =       ^,^,      ;     tan*  Fc  = . 

(2)  For  the  distance   between    the   poles  of   any  two  faces   (AA^i  (W).  we  have  iii 
general 

eos  PQ  =  hpc^^k^^^^lr 

♦/[(A*  +  k')e'  +  niip'  +  g')e'  +  r*] 

The  above  equations  take  a  simpler  form  for  special  cases  often  occurring;  for  example, 
for  hkl  and  the  angle  of  the  edge  y  of  Fig.  166. 

112.  Prismatic  Angles.— The  angles  for  the  commonly  occurring  ditetragonal  prisms  are 
as  follows: 

Ancle  on         Angle  on  Angle  on         Angle  on 

a  (100,  i-i)       m  (110,  /)  a  (100,  i-i)       m  (110,  I) 

410,  1-4  14**    2J'  80''  57J'  530,  t-|  80*  57}'  14'    2J' 

810.  iS  18    26  26    84  820.  i-{  33    41^  H    18} 

210.  t-2  26    84  18    26  480.  t-}  86    52^  8     7} 
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m.    HEXAGONAL  SYSTEM. 

113.  The  Hexagonal  System  includes  all  the  forms  which  are  referred 
to  four  azes^  three  equal  lateral  axes  in  a  common  plane  intersecting  at  angles 
of  60°,  and  a  fourth,  vertical  axis,  at  right  angles  to  them. 

Two  sections  are  here  included,  each  embracing  a  number  of  distinct 
groups  related  among  themselves.  They  are  called  the  Hexagonal  Division 
and  the  Trigonal  (or  Rhombohedral)  Division,  The  symmetry  of  the  former, 
about  the  vertical  axis,  belongs  to  the  hexagonal  type,  that  of  the  latter  to  the 
trigonal  type. 

Miller  (1852)  referred  all  the  forms  of  the  hexagonal  system  to  three  equal  axes  parallel 
to  the  faces  of  the  fundamental  rhombohedron,  and  hence  intersecting  at  equal  angles,  not 
90''.  This  method  (further  explained  in  Art.  168)  has  the  disadvantage  of  failing  to  brings 
out  the  relationship  between  the  normal  hexa<zoual  and  tetragonal  t3'pes.  both  characterizedt 
by  a  principal  axis  of  symmetry,  which  (on  the  system  here  adopted)  is  the  vertica)* 
crystallo^raphic  axis.  It  further  gives  different  symbols  to  faces  which  are  crystallo- 
graphically  identical.  It  is  more  natural  to  employ  the  three  rhombohedral  axes  for 
trigonal  forms  only,  as  done  by  Groth  (1894),  wbo  includes  these  groups  in  a  Trigonal 
/^9tem;  but  this  also  has  some  disadvantages. 

114.  Groups. — There  are  five  possible  groups  in  the  Hexagonal  Division. 
Of  these  the  normal  group  is  much  the  most  important,  and  two  others  are 
also  of  importance  amon^  crystallized  minerals. 

In  the  Trigonal  Division  there  are  seven  groups;  of  these  the  rhombo- 
hedral group  or  that  of  the  Calcite  Type  is  by  far  the  most  common,  and 
three  otners  are  also  of  importance. 

lis.  Axes  and  Symbols: — The  position  of  the  four  axes  taken  is  shown  in 
Fig.  193;  the  three  lateral  axes  are  called  a,  and  the  vertical  axis  is  i. 
Further,    when    it     is    desirable    to    distinguish  .g^ 

between  the  lateral  axes  they  may  be  designated 
a,,  a,,  a,.  The  general  position  of  any  plane  on 
the  method  of  Bravais  (who  adapted  the  system 
of  Miller  to  this  system)  may  be  expressed  in  a 
manner  analogous  to  that  applicable  in  the  other 
systems,  viz. : 

1111. 

The  corresponding  indices  for  a  given  plane  are 
then  h,  k,  t,  /;  these  always  refer  to  the  axes 
named  in  the  above  scheme : 

It  is  found  convenient  to  consider  the  axis  a, 
as  negative  in  front  and  positive  behind,  hence  the  general  symbol  is  hkil 
Further,  as  following  from  the  angular  relation  of  the  three  lateral  axes,  it 
can  be  readily  shown  to  be  always  true  that  the  algebraic  sum  of  the  indices 
h,  k,  i,  is  equal  to  zero: 

h  +  k  '[-i  =  0. 

The  general  expression  for  any  plane  in  accordance  with  the  system  of 
Naumann  is 

na  :  pa  :  —  a  :  ma. 
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Here  it  is  always  true  that  p  = 


n 


.    The  shortened  form  for  the  above 


?*-  1 
expression  as  adopted  by  Naumann  is  mPn. 

The  relatioD  of  Miller's  indices  to  those  of  NaumaDn  is  obvious  if  for  a  given  plane 
with  the  symbol,  say,  2l3l  the  pai-ameters  are  given  in  full,  namely; 


(1) 


•gfli  :  la, :  —  -a,  :  l6. 


This  is  equivalent  (after  multiplying  by  8)  to 


(2) 


o 

-Qi  :  da,  :  —  1  a, :  8^. 


8 


Here  m  =  8,  n  =  -^,  and  the  value  of  p  is  8.    The  symbol  is  hence  written 

3P|.  or  4 


A.    Hexagonal  Division. 


1.  NORMAL  GROUP   (13).     BERYL  TYPE. 

116.  Symmetry. — Crystals  belonging  to  the  normal  group  of  the  Hexagonal 
Division  have  one  principal  plane  of  symmetry,  the  plane  of  the  lateral  axes  ; 
also,  normal  to  this  and  meeting  in  the  vertical  axis  at  angles  of  30°,  six  other 
planes  of  symmetry,  like  three-and-three.  Those  of  one  set  pass  through  the 
lateral  axes  a,  a,  a  (Figs.  195,  198)  and  are  194. 

lience  parallel  to  the  faces  of  the  form  (lOTO) 
lettered  wi,  as  in  Fig.  208.  The  others  are 
<iiagonal  to  the  first  set  (Figs.  196, 198)  and  are 
parallel  to  the  faces  of  the  form  (ll20)  lettered 
^^  Fig.  208. 

Further,  these  crystals  have  one  principal 
axis  of  hexagonal,  or  sixfold,  symmetry,  the 
vertical  crystallographic  axis  ;  also  six  hori- 
zontal axes  of  binary  symmetry;  three  of  these 
coincide  with  the  lateral  crystallographic  axes, 
the  others  are  diagonal  to  them.  The  symmetry 
of  this  group  is  exhibited  in  the  accompanying 
spherical  projection.  Fig.  194,  and  by  the 
figures  in  the  following  pages  from  195  to  209. 

The  analogy  between  this  group  and  the  normal  group  of  the  tetragonal 
system  is  obvious  at  once  and  will  be  better  appreciated  as  greater  familiarity 
is  gained  with  the  individual  forms  and  their  combinations. 

117.  Forms. — The  possible  forms  in  this  group  are  as  follows  : 


1.  Base 


(0001) 

2.  Unit  prism,  or  prism  )  QOIO^ 

of  the  first  order      f  •  •  •  •  v        / 

3.  Diagonal  prism,  or  prism  )  n  i5q\ 

of  the  second  order         f  ^        ^ 


Miller-Bravais. 

GO  a 


cc  rt  :  cca:  c 


Naumann. 
0/'orO,c 


a  looa  :  —  a  :  ^c         ooPor/,m 
2a  :2a  :  —  a  :  (nc        oo  P2  or  t-2,  a 
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Miller-Bravais.  Naumano. 

4.  Dih'ezagonal  prism (hklO)  na  :  pa  :  —  a  :coc       oo  Pn  or  i-n 

as,  (2l30)  Ja  :  3a  :  —  a  :  00  c      oo  P  |  or  f- j 

6.  Pyramids  of  the  unit,  )        /i.nT7\  ^  n 

or  first  order  }  '  "^^'^^'^^  a  :  ooa  :  -  a  :  7nc  mP  or  m 

as,  (lOll)  a  :  Qoa  :  —  a  :c    P  or  1 ;  also  202l  {a  :co  a  :  —  a  :2c)       2P  or  2 

'■  "^SofXTeifoAd ■o^ •  \  (^•''•^^•^)        2a  :  2a  :  -  «  : ..      .i>2  or  .-2 

as,  (ll22)  2fl  :  2a  :  -  a  :  c    P2  or  1-2 

^'  ^o 'SfyZJdr"'"''^''  \ (**^^)         ««  .i>a  :  -  «  :  mc        ,«P«  or  m-n 

as,  (2l3l)  ja  :  3a  :  -a  :  3c      3P}  or  3-| 
In  the  above  h  >  k,  and  A  +  ^  =  —  i. 

118.  Base  — The  base,  or  basal  pinacoidy  indudes  the  two  faces,  0001  and 
0001,  parallel  to  the  plane  of  the  lateral  axes  It  is  uniformly  designated  by 
the  letter  c\  see  Figs.  195  et  seq, 

119.  Prisms,  unit  Prism. — Thtfre  are  three  types  of  prisms,  or  forms  in 
which  the  faces  are  parallel  to  the  vertical  axis. 

The  unit  prisin,  or  prism  of  the  first  order,  Fig.  195,  includes  six  faces, 
each  one  of  which  is  parallel  to  the  vertical  axis  and  meets  two  adjacent  lateral 
axes  at  equal  distances,  while  it  is  parallel  to  the  third  lateral  axis.  It  has 
hence  the  general  symbol  (lOTO)  and  is  uniformly  designated  by  the  letter  m\ 
its  six  faces,  tak^n  in  order  (see  Figs.  195  and  209),  are : 

1010,    0110,    IlOO,    loio.    Olio,    lIOO. 

120.  Diagonal  Prism. — The  diagonal  prism,  or  prism  of  the  second  order. 
Fig  196,  has  six  faces,  each  one  of  which  is  parallel  to  the  vertical  axis,  and 
meets  the  three  lateral  axes,  the  two  alternate  at  the  unit  distance,  the  other 
at  one* half  this  distance;  or,  which  is  the  same  thing,  it  meets  the  last-named 
axis  at  the  unit  distance,  the  others  at  double  this  distance.'*'  The  general 
symbol  is  (llSO)  and  it  is  uniformly  designated  by  the  letter  a;  the  six  faces 
(see  Figs  196  and  209)  in  order  are  : 

1150,     1210,    3110,     1120,     1310,    2110. 

The  unit  prism  and  the  diagonal  prism  are  not  to  be  distinguished  geo* 
metrically >  each  being  a  regular  hexagonal  prism  with  normal  interfacial  angles 
of  60°.  They  are  related  to  each  other  in  the  same  way  as  the  two  square 
prisms  m  (110)  and  a  (100)  of  the  tetragonal  system. 

The  relation  in  position  between  the  unit  prism  (and  pyramids)  on  the  one 
hand  and  the  diagonal  prism  (and  pyramids)  on  the  other  will  be  understood 
better  from  Fig.  198,  representing  a  cross-section  parallel  to  the  base  c. 

12L  Dihezagonal  Prism.— The  dihexagonal prism ,  Fig.  197,  is  a  twelve-sided 
prism  bounded  by  twelve  faces,  each  one  of  which  is  parallel  to  the  vertical 
axis,  and  also  meets  two  adjacent  lateral  axes  at  unequal  distances  the  ratio 
of  which  alwavs  lico  between  1  : 1  and  1  .  2  (see  2  p.  66)  This  prism  has  two 
unlike  ed^es,  lettered  z  and  y,  as  shown  in  Fig.  197.  The  general  symbol  ia 
(hkiO),  ana  the  faces  of  a  given  form,  as  (2l30),  are : 

2l30,     1230,     I330,     53lO     3210,     3l20, 
2130      1230.     1320,    2510.     3211,    3l20. 

*  Since  lax :  la*  i  —  \a»'.<x>t  is  equivaleQt  to  2ax : 2ay :  —  las  '9>h. 
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122.  PyrunitU.  TTnit  Fyramidi. — Corresponding  to  the  three  types  ot 
prisms  just  mentioned,  there  are  three  types  of  pyramids. 

A  unii  pyramid,  or  pyramid  of  the  first  order.  Fig.  199,  is  a  form  bonnded 
by  twelve  similar  triangular  faces— six  above  and  six  below — which  have  the 
same  position  relative  to  the  lateral  axes  as  iga. 

the  faces  of  the  nnit  prism,  while  they  also 
intersect  the^vertical  axis.  The  general  symbol 
is  hence  {hOkl).  The  faces  of  a  given  form,  as 
(lOll),  are : 

Above  lOtl,  Olll,  !l01,  !011,  Olll,  llOI. 

Below  1011,  OLlT,  IlOl,  Toil,  OllT,  lloT. 
On  a  given  species  there  may  be  a  nnniber  ~ 
of  nnit  pyramids,  differing  in  the  ratio  of  the 
lateral  to  the  vertical  axis,  and  thus  forming  a 
zone  between  the  base  (0001)  and  the  faces  of 
the  nnit  prism  (lOlO).  Their  symbols,  pnssiag 
from  the  base  (0001)  to  the  unit  prism  (1010), 
would  be,  for  example,  1014,  lOTiJ,  2033,  lOTl,  30152,  203l,  etc,  In  Pig.  202. 
the  faces  o  and  s  are  unit  pyramids  and  they  have  the  symbols  respectively 
(lOil)  and  (202l),  here  6  =  1-014.    In  Fig.  205,jj  is  the  unit  pyramid  (lOll); 


here  i  =  0*50.  As  shown  in  these  cases  the  faces  of  the  unit  pyramids  replace 
the  edges  of  the  unit  prism.  On  the  other  hand,  they  replace  the  solid  angles 
of  the  diagonal  prism  a  (1120)  as  shown  in  Fig.  204. 
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123.  Diagonal  Fynmidi,  —  The  diagonal  pyramid,  or  pyramid  of  the 
Becoud  ordei'  (Fig.  ~U0),  is  a  double  eix-aided  pyramid  iucludinz  the  tirelve 
similar  faces  which  have  the  same  position  relative  to  the  lateral  axes  as  the 
faces  of  the  diagonal  prism,  aud.which  also  intersect  the  Tertical  axis.  They 
have  the  general  symbol  (It  •  h  ■  'ill  ■  I).  The  symbols  of  the  faces  of  the  form 
(1133)  are: 

Above  1152,     I2T2,     3ll2,     1122,     l3l2,     2112. 

Below  1152,    Iai5,    3l12,    1123,    I5l5,    2115. 

The  faces  of  the  diagonal  pyramid  replace  the  edges  between  the  faces  of 
the  diagonal  prism  and  the  base.  Further,  they  replace  the  solid  angles  of  the 
nnit  prism  »i  (lOlO).  There  may  be  on  a  single  crystal  a  number  of  diagonal 
pyramids  forming  a  zone  between  the  base  c  (0001)  and  the  faces  of  the  diagonal 
prism  d  (ll50),  as,  naming  them  in  order:  1154,  llS2,  22l3,  ll5l,  etc.  In 
Fig  205,  0,  s  are  the  diagonal  pyramids  (ll52)  and  (lt5l). 


s/ 


Beryl. 


124.  Dihexagonal  Pyramid.— The  dihexagonal pyramid,  Fig.  201,  is  a  donble 
twelve-aided  pyramid,  having  the  twenty-four  similar  faces  embraced  under 
the  general  symbol  (hkil).  It  is  bounded  by  twenty-four  similar  faces,  each 
meeting  the  vertical  axis  and  having  a  ratio  for  the  intercepts  on  two  adjacent 
lateral  axes  between  1 1 1  and  1  :  2  (cf.  the  general  symbol  (2)  given  in  Art. 
116).  Thus  the  form  (2l3l)  includes  the  following  twelve  faces  in  the  upper 
half  of  the  crystal : 

2l3l,    1251,    I33l,    53ll,    3211,    3121, 
5131,    1531,     1321,    2311,    35lL,     3l5l. 

And  similarly  below  with  /  (here  1)  negative,  2l31,  etc.  The  dihexagonal 
pyramid  is  often  called  a  heryUoid  because  a  common  form  with  the  species 
beryl.     In  Fig  200,  w  is  the  berylloid  (U  ■2-13 -3). 

125.  Coffibinations.— Fig.  207  of  beryl  shows  a  combination  of  the  base 
e  (0001)  and  prism  m  (loTO)  with  the  unit  pyramids  p  (lOll)  and  «  (203l); 
tlie  diagonal  pyramid  s  (ll5l)  and  the  berylloids  v  (21.?1)  and  n  (Sill).  Both 
the  last  forms  lie  in  a  zone  between  m  and  s,  for  which  it  is  true  that  k  =■  I, 
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The  basal  projection  of  a  similar  Grystal  shown  in  Fig.  208  is  very  instructive 
u  exhibiting  the  aymmetrj  of  the  normal  hexagonal  group.     This  is  also  true 


of  the  spherical  projection  in  Fig.  209  of  a  lilie  crystal  with  also  the  form 
0  (1152). 
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2.  HEMIMORPHIC  GROUP   (14)     lODYRITE  TYPE. 

126.  Symmetry. — This  group  differs  from  the  normal  group  only  in  having 
no  transverse  plane  of  principal  symmetry  and  no  horizontal  axes  of  binary 
symmetry.    It  has,  however,  tne  same  two  sets  of  planes  of  symmetry  meeting 
210.  211.  ^^  angles  of  30*^  in  the  vertjcal  ' 

axis  which  is  an  axis  of  hex 
agonal  symmetry.  There  is  no 
center    of    symmetry.     The 
symmetry    is     exhibited     in 
the  spherical  projection,  Fig 
210. 

127  Forms.  —  The  forms 
belonging  to  this  group  are 
the  two  basal  planes,  0001  and 
0001,  here  distinct  forms,  the 
plus  (upper)  and  minus 
(lower)  pyramids  of  each  of 
lodyrite.  the  three  types ;  also  the  three 
prisms,  which  last  do  not  differ  geometrically  from  the  prisms  of  the  normal 
group.  An  example  of  this  group  is  found  in  iodyrite,  or  silver  iodide,  Fig 
211;  here  u  =  (40ll),  tt  =  (4045),  /?  =  (9-9-18-3()).  Greenockite  and  wurtzite, 
also  zincite  (Fig  50,  p.  18)  are  classed  here,  but  there  is  some  reason  for 
believing  that  tnese  species  belong,  with  tourmaline,  to  the  corresponding 
group  under  the  trigonal  (rhombohedral)  division. 


3    PYRAMIDAL  GROUP   (15).    APATITE  TYPE." 

128.  Typical  Forms  and  Symmetry. — This  group  is  important  because  it 
includes  the   common  species  of  the  Apatite  Group,  apatite,  pyromorphite, 
mimetite,  vanadinite.     The  typical  form  is  the  212. 
hexagonal  prism  (hkiO)  and  the  hexagonal  pyra- 
mid (hkil),  each  designated  as  of  the  third.oi'der. 
These  forms  are  shown  in  Figs.  213  and   214. 
They  and  the  other  forms  of  the  group  have  only 
one  plane  of  symmetry,  the  plane  of  the  horizontal 
axes,  and   also  one  axis  of  hexagonal  symmetry 
(the  vertical  axis). 

The  symmetry  is  exhibited  in  the  spherical 
projection  (Fig.  212).  It  is  seen  here,  as  in  the 
figures  of  crystals  given,  that,  like  the  pyramidal 
group  under  the  tetragonal  system,  the  faces  of 
the  general  form  {hk'iJ)  present  are  half  those 
belonging  to  each  sectant,  and  further  that  those  above  and  below  fall  in 
same  vertical  zone. 

129.  Prism  and  Pyramid  of  the  Third  Order.— The  prism  of  the  third  order 
(Fig.  213)  has  six  like  faces  embracerl  under  the  general  symbol  (hk'iO),  and 
the  form  is  a  regular  hexagonal  prism  with  angles  of  60°,  not  to  be  distinguished 
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geomelrically,  if  alone,  from  the  other  hexagonal  prisms  ;  cf.  Fige.  195,  196, 
p.  68     The  six  faces  of  the  right-handed  form  (^1-^J  have  the  symbols 
2130,     13S0,     3:ilO,     3130,     l320,     32!0. 
The  faces  of  the  complementary  lef t-lianded  form  have  the  symbola : 

1230,    33lO,    3120,    T330,    2310,     3T3o. 
These  two  forms  together  embrace  all  the  faces  of  the  dihexagonal  prism 


<Fig.  19;). 

^rU  py 


c  pyramid  is  aUo  a  regular  hexagonal  pyramid  of  the  third  order,  and  in 
it^  relations  to  the  other  hexagonal  pyramids  of  the  group  (Figs.  199, 200)  it  is 
analogous  to  the  square  pyramid  of  the  third  order  met  with  in  the  correspond* 
ing  group  of  the  tetragonal  system  (see  Art.  98).  The  faces  of  the  right- ■ 
handed  form  (2i33)  are  : 

Above  2133,     1333,     3213,     Sl33,     iSS.'J,     35l3. 

Below  2133.    1335,    321.3,    5133,    1523,    3313. 

There  is  also  a  complementary  left-handed  form,  which  with  this  embraces 

all  the  faces  of  the  dihexagonal  pyramid.     The  cross  section  of  Fig.  215  shows 

in  outline  the  position  ot  the  unit  prism,  and  also  that  of  the  right-handed 

prism  of  the  third  order. 

ai3.  314.  ai6. 


Apalite.  Apatite.  Apal[tc. 

The  prism  and  pyramid  juat  described  do  not  often  appear  on  crystals  as 
predominating  forma,  though  this  is  sonietimea  the  case;  for  example,  Fig.  217 
shows  a  crj'stal  of  apatite  in  which  the  prominent  pyramid  ^  ia  a  pvramid  of 
the  third  order  (■2131).  Commonly  these  faces  are  present  modifying  other 
fundamental  forms,  and  their  character  ia  obvious  from  their  position  relatively, 
ior_example,  to  the  unit  prism  m  (lOlO). 
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130.  Other  Forms. — The  remaining  forms  of  the  group  are  geometrically 
like  those  of  the  normal  gronp^  viz.,  the  base  (0001)  ;  the  unit  prism  (lOlO) ; 

the  diagonal  prism  (USO);  the  unit  pyramids  (hOhl);  and  the  diagonal  pyra- 
mids {h'h"Z7rl).  That  their  molecular  structure  is  the  same  is  readily 
proved,  for  example  by  etching.  In  this  way  it  was  shown  that  pyromorphite 
and  mimetite  belong  in  the  same  group  with  apatite  (Baumhauer)^  though 
crystals  with  the  typical  forms  have  not  been  observed. 

131:  Typical  crystals  of  apatite  are  given  in  Figs.  216, 217,  and  218  (a  basal 
section).  They  show  the  third-order  prisms  k  (4150),  h  (2l30),  h,  (1250),  and 
the  third  order  pyramids,  right,  m  (2l3l),  n  (3lJl),  q  (43?!),  o  (3lJ2),  left, 
*  (1232);  also  the  unit  pyramids  r  (10l2),  x  (lOll),  y  (202l),  z  (303lh  the 
diagonal  pyramids  v  (11^2),  s  (ll3l);  finally,  the  prisms  m  (lOlO),  a  (ll20), 
and  the  base  c  (0001). 

4.  PYRAMIDAL-HEMIMOEPHIC  GROUP  (16).  NEPHELITE  TYPE. 

132.  Symmetry. — A  fourth  group  under  the  hexagonal  system,  the  pyra- 
midaUliemimorphic  group,  is  like  that  just  described,  except  that  the  forms  are 
hemimorphic.  The  single  horizontal  plane  of  symmetry  is  absent,  but  the 
vertical  axis  is  still  an  axis  of  hexagonal  symmetry.  This  symmetry  is  shown 
in  the  snherical  projection  of  Fig.  219.  The  typical  form  would  be  like  the 
tipper  half  of  Fig.  2 14  of  the  pyramid  of  the  third  order.  The  species  nephelite 
is  shown  by  the  character  of  the  etching- figures  (Fig.  220,  Groth  after  13aum« 
hauer)  to  belong  here. 

219.  220. 


Nepbelite. 

5.  TRAPEZOHEDRAL  GROUP  (17). 

133.  Symmetry. — The  last  group  of  this  division  is  the  trapezohedral  group. 
It  has  no  plane  of  symmetry,  but  the  vertical  axis  is  an  axis  of  hexagonal 

221.  222. 
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symmetry,  and  there  are,  further,  six  horizontal  axes  of  binary  symmetry.  There 
is  no  center  of  symmetry.  The  distribution  of  the  faces  of  the  typical  form 
(hkil)  is  shown  in  the  spnerical  proiection  (Fig.  221).  The  typical  forms,  the 
right  and  left  hexagonal  trapezohearons  (see  Fig.  222),  are  euantiomorphous, 
and  the  few  crystallized  salts  falling  in  this  group  show  circular  polarization. 
The  symbols  of  the  right  form  (2l33)  are  as  follows  : 

Above  2133,     l323,     3213,     3l33,     l323,     32l3. 

Below  1253,    23l3,    3123,    IS33,    23l3,    3123. 


B.    Trigonal  or  Bhombohedral  Division. 

134.  General  Character. — As  stated  on  p.  65,  the  groups  of  this  division 
are  characterized  by  a  vertical  axis  of  trigonal,  or  threefold,  symmetry.  There 
are  seven  groups  here  included  of  which  the  group  of  the  Calcite  Type  is  by 
far  the  most  important. 

135.  Trigonotype  Oronp. — The  first  group  (18),  that  which  has  strictly  the 


223. 


224. 


highest  grade  of  symmetry,  has 
no  known  representatives  among 
crystals,  natural  or  artificial.  It 
has,  besides  the  vertical  axis  of 
trigonal  symmetry,  three  hori- 
zontal axes  of  binary  symmetry. 
There  are  four  planes  of  sym- 
metry, one  horizontal,  and  three 
others  intersecting  at  angles  of 
60°  in  a  vertical  axis.  The  char- 
acteristic forms  are  the  trigonal 
prism  and  pyramid  and  di trigonal 
prism  and  pyramid.  The  sym- 
metry is  exhibited  in  Fig.  223.  The  typical  form  (Fig.  224)  is  a  double 
di  trigonal  pyramid  with  terminal  edges  alike  in  alternate  sets  of  three  each. 
This  form  may  be  compared  to  a  scalenohedron  twinned  about  the  vertical  axis. 

2.  imOMBOHEDRAL   GROUP  (19).     CALCITE   TYPE. 

136.  Typical  Forms  and  Symmetry. — The  typical  forms  of  the  rhomhohedral 
group  are  the  rhombohedron  (Fig.  226)  and  the  scalenohedron  (Fig.  242). 
These  forms,  with  the  spherical  projection,  Figs. 
225  and  252,  illustrate  the  symmetry  cliaracter- 
istic  of  the  group.  By  comparing  Fisr.  252  with 
Fig.  209,  p.  70,  it  will  be  seen  that  all  the  faces 
in  half  the  sectants  are  present.  This  group  is 
hence  analogous  to  the  tetrahedral  group  of  the 
isometric  system,  and  the  sphenoidal  group  of  the 
tetragonal  system. 

In  this  group  there  are  three  planes  of  sym- 
metry only;  these  are  diagonal  to  the  crystallo- 
graphic  axes  and  intersect  at  angles  of  G0°  in 
the  vertical  crystallographic  axis.  This  axis  is 
with  these  forms  an  axis  of  trip^onal  symmetry; 
there  are,  further,  three  horizontal  axes  of  binary  symmetry. 
225,  also  Fig.  22G  et  seq. 


226. 


Compare  Fig. 


HEXAGONAL  SYSTEM.  75 

137.  RhombohedroiL — Geometrically  described^  the  rhomhohedron  is  a  solid 
bounded  by  six  like  faces,  each  a  rhomb.  It  has  six  like  lateral  edges  formiug^ 
a  zigzag  line  about  the  crystal,  aud  six  like  terminal  edges,  three  above  and 
three  in  alternate  position  below.  The  vertical  axis  joins  the  two  trihedral 
solid  angles,  and  the  lateral  axes  join  the  middle  points  of  the  opposite  sides> 
ad  shown  in  Fig.  226. 

The  general  symbol  of  the  rhomhohedron  is  (hOhl),  and  the  successive  facea 
of  the  unit  form  (lOll)  have  the  symbols  : 

Above,  1011,    IlOl,    0111;        below,  OlII,    lOlI,    lIOl. 

The  geometrical  shape  of  the  rhomhohedron  varies  widely  as  the  anglea 
change,  and  consequently  the  relative  length  of  the  vertical  axis  d  (expressed 
in  terms  of  the  lateral  axes,  a  =  1).  As  the  vertical  axis  diminishes,  the 
rhombohedrons  become  more  and  more  obtuse  or  flattened ;  and  as  it  increases 
they  become  more  and  more  acute.  A  cube  placed  with  an  octahedral  axis 
vertical  is  obviously  the  limiting  case  between  the  obtuse  and  acute  forms 
where  the  interfacial  angle  is  90  .  In  Fig.  226  of  calcite  the  normal  rhombo- 
hedral  angle  is  74°  55'  and  d  =  0*854,  while  for  Fig.  228  of  hematite  this  angle 
is  94°  and  i  =  1*366.  Further,  Figs.  229-234  show  other  rhombohedrons  of 
calcite,  namely,  e  (0112),  0  (0554),  /  (0231),  3f  (40Jl),  and  v  (13*0*13*1), 
p  (16*0lB*l),  here  the  vertical  axes  are  in  the  ratio  of  J^,  I,  2,  4,  13, 16,  to  that 
of  the  fundamental  (cleavage)  rhomhohedron  of  Fig.  226,  whose  angle  deter- 
mines  the  value  of  i. 

226.  227.  228. 


138.  Plus  and  Minns  Rhombohedrons. — To  every  plus  rhomhohedron  there 
may  be  an  inverse  and  complementary  form,  identical  geometrically,  but 
bounded  by  faces  falling  in  the  alternate  sectants.  Thus  Uie  minus  form  of 
the  unit  rhomhohedron  (Olll)  shown  in  Fig.  227  has  the  faces: 

Above,  OlU,    Ion,     1101;        below,  1 101,    OllI,     lOlI. 

The  position  of  these  in  the  spherical  projection  (Fig.  252)  should  be 
carefully  studied;  see  also  Fig.  262.  Of  the  figures  already  referred  to,  Figs. 
226,  228,  232,  233  are  plus,  and  Figs.  227,  229,  230,  231  minus,  rhombohe- 
drons; Fig.  234  shows  both  forms. 

It  will  bo  seen  that  the  two  complementary  plus  and  minus  rhombohedrons 
of  given  axial  length,  that  is,  of  given  angle,  e,g,,  1011  (+  R)  and  Olll  (—  /?),. 
together  embrace  all  the  like  faces  of  the  double  six-sided  pyramid.  When 
these  two  rhombohedrons  are  equally  developed  the  form  is  geometrically 
identical  with  this  pyramid.  This  is  illustrated  by  Fig.  237  of  gmelinite 
r  (lOll),  p  (Olll)  and  by  Figs.  266,  267,  p.  83,  of  quartz,  r  (lOll),  z  (Olll).* 

*  Quartz  serves  as  a  convenient  illustration  in  this  case,  none  tlie  less  so  notwitbstaiidin^ 
the  fact  that  it  belongs  to  the  trapezohedral  group  of  this  division. 
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la  each  case  the  form,  which  is  geometrically  an  hexagonal  pyramid  (in  Fig. 
23?  with  c  and  m),  is  in  fact  a  combination  of  the  two  unit  rhombohedrous, 
pins  and  minus.  Commonly  a  difference  in  size  between  the  two  forms  may 
be  observed,  as  in  Figs.  S36  and  268,  where  the  form  taken  as  the  pins  rhombo- 
bedron  predominates.  Bnt  eren  if  this  distinction  cannot  be  established,  the 
two  rbombohedroDS  can  always  be  distinguished  by  etching,  or,  aa  in  the  case 
of  quartz,  by  pyro-electrical  phenomena. 

239.  331.  333.  333.  33«. 


Pigs.  229-235,  Calciie.  Figs.  236.  287.  Gmellolte. 
139  Of  the  two  series,  or  zones,  of  rhombohedrona  the  faces  of  the  plus 
rhombohedrons  replace  the  edges  between  the  base  (0001)  and  the  unit  prism 
(1010).  Also  the  faces  of  the  minus  rhombohedrons  replace  the  alternate  edges 
of  the  same  forms,  that  is,  the  edges  between  (0001)  and  {0110),  {compare  Figg. 
236.  23T,  etc.).  Fig.  338  shows  the  rhombobedron  in  combination  with  the 
338.  240.  241. 


Figs  238,  239,  Hemnlile  CoquimbKe. 

base;  Fig.  339  the  same  with  the  prism  a  (llSO). 
two  forms  happens  to  approximate  to  TO  33'  tl 
of  a  regular  octahedron.     This  is  illustrated  by  Fig.  240;  here  co 


Eiidialyte. 
When  the  angle  between  the 
crystal  Himiilates  the  aspect 
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also  00  =  71°  22',  and  the  crystal  reeemblea  closel;  an  octahedron  with  trao- 
cated  edges  (cf.  Fig.  77,  p.  3ti). 

140.  There  is  a  very  simple  relation  between  the  phis  and  minus  rhombo- 
hedrons  which  it  is  important  to  remember.  The  form  of  one  series  which 
trancates  the  terminal  edges  of  a  given  form  of  the  other  has  half  the  length 
of  the  vertical  axis,  and  this  ratio  lE  expressed  in  the  values  of  the  indices 

of  the  two  forma  Thus  (0112),  or  —  -  R,  truncates  the  terminal  edges  of 
the  plus  unit  rhombohedron  (1011),  or  R;  (lt<T4),  or  -f  jR,  truncates  the 

terminal  edges  of  (OlT2),  or  —  ^  R,  10l5  ol  (2035).     Again  (lOll).  or  +  R» 

truncates  the  edges  of  (023l),  oi  -  2R;  (40il),  or  +  4R,  o_f  023l,  or  -  2R, 
etc.  This  is  illustrated  by  Fig.  235  with  the  forms  r  (1011)  and  /(02ai). 
Also  in  Fig.  241  a  basal  projection,  z  (10l4)  truncates  the  edges  of  e  (0112), 
e  (0112)  of  r  (loll);  r  (lIOl)  of  s  (0221). 

141.  SoalenohooTon.— The  scalftiohedron,  shown  in  Fig.  242,  i 
form  for  this  group  corresponding  to  the  symbol  hkli     It  is  a 
solid,  bounded  by  twelve  faces,  each  a  scalene  triangle.     It  has 
roughly  the  shape  of  a  double  six-sided  pyramid,  but  there  are 
two  sets  of  terminal  edges,  one  more  obtuse  than  the  other, 
and  the  lateral  edges  form  a  zigzag  ed^  around  like  that  of 
the  rhombohedron.     Like   the  rhombohedrous.   the    scaleno- 
hedrons  may  be  either  plus  or  minus  according  as  to  whether   . 
the  faces  are  ayrametrical  to  the  zone-circle  lOTO,  0001,  or  to  1 
Olio,  0001.     The  former  plus  forms  correspond  in  position  to 
the  plus  rhombohedrous  and  conversely. 

The  plus  scalenohedron  (2l3l),  Fig.  242)  has  the  following 
symbols  tor  the  several  faces: 

Above    2llll,    33ll,    3211,    IS31,    l321,     3!3l. 
Below    1331,    I35T,    5121,    3!3l,    234l,    32li.  g 

For  the  complementary  minus  scalenohedron  (123l)  the  symbols  of  tba 
faces  are: 

Above'  1231,  1321.    3121,    5T31,    23ll,    331l. 

Below     2311,  5211,     I53I,    l32l,    3l2!,    2l3I. 

141.  Halation  ot  StftUaohedrou  to  Bhombohadroni. — It  was  Doled  above  that  Ihe  Bcaleoo 
bedrOQ  Id  i^neral  baa  a  series  of  zigzug  iHteral  ede«s  like  the  rljorobobedroD.  ll  is  obvious, 
further,  that  (or  every  rboiubohedrou  lliere  will  be  n  series  or  zone  of  Bcaleuohcdrons 
baviajt  the  lame  lateral  edges.  This  Is  shown  in  Ffg.  245,  where  Ibe  s.eiilcuohedroD 
•  (3lSl}  bevels  the  lateral  edges  of  the  fundameDtBt  rhombohedron  r  (lOil)-.  the  aatne 
would  be  true  of  Ibe  soakDObedroa  (3261),  etc.  Further,  in  Fig.  34S,  the  minus  scnleDO- 
hedroQ  X  lltil)  bevels  the  lateral  edges  of  llie  minus  rhombohedron/ 10321).  The  relnlioD 
of  the  Indices  wbldi  must  exist  In  these  cases  mn;  be  shown  to  be,  for  example,  for  the 
rtiombohedroo  t'(lOil),  h  =  k  +  t;  agalo  for/ (0221),  h+2l  =  k,  etc.  See  also  the  pro 
JectioD.Flg.  S53. 

Further,  the  position  of  the  scalenohedron  may  be  defined  with  reference  to  its  parent 
ThombobedroQ.  For  example,  Id  Pig.  24S  the  scalenohedron  v  (2l9t)  IiaH  tbree  times  the 
verdcal  axis  of  the  unit  rhombohedron  r  (1011).  Again  In  Fig  246  x  (1841)  has  Ivice  the 
vertiCBl  axis  of  /(OSSl).  Hence  the  system  of  symbols  devised  by  Naumnnn  to  express 
tbU  relation,  wntlen  fa  general  mRn  or  (In  Dana's  8yBl«m  m'),  where  the  n  expresses  Ibe 
multiple  value  of  the  vertical  ails  corretpoDdlng  to  the  rhombohedron  mR.    The  symbol 


76  CRT8TALL00EAPHY. 

of  obo[]tliis8vBt«inR8orl>,Biid  of*-  SB,,  or  -  3*.    ITinPn  U  the  symbol  of  a  Bcalena- 
hedroD  od  ihe  heugODal  type  aud  ntiRn,  ibat  referred  In  this  way,  It  muy  be  shown  that 


m^  =  — i — 


Figs.  347,  34S,  Corundi 


FigB.  S49,  250,  Spaogolite.* 


143.  Other  Forms. — The   remaiuing   forms  of  the  normal  group  of  the 
rhombohedral    division    are    geometrically    like 

those  of  the  corresponding  group  of  the  hexa- 
gonal system — viz.,  the  base  c  (0001);  the  prisma 
m  (lOTO),  a  (ll30),  (/(itiO);  also  the  diagonal 
pyramids,  as  (llJl),  Some  of  these  forms  are 
shown  ill  the  accompanying  figures.  For  furtlier 
illustrations  reference  may  be  made  to  typical 
rhombohedral  species,  as  calcite,  hematite,  etc.        , 

Wttli  respect  to  the  diagonal  pyramid,  it  is 
interesting  to  note  that  if  it  occurs  alone  (as  in 
Fig.  247.  71  =  2243)  it  is  impossible  to  say,  on 
geometrical  grounds,  whether  it  has  the  trigonal 
symmetry  of  the  rhombohedral  type  or  the  liesa-  __ 

f;onal  symmetry  of  the  hexagonal  type.  In  the 
atter  case,  the  form  might  be  made  a  unit  pyramid  by  exchanging  the  axial 
and  diagonal  planes  of  symmetry.  The  true  symmetry,  however,  is  often 
indicated,  as  with  corundum,  by  the  occun-ence  on  other  crvstals  of  rhombo- 
hedral faces,  as  r  (lOTl)  in  Fig.  248  (here  z  =  22ll,  w  =  14-14'5§-3).  Even 
if  these  are  absent  (Fig.  249),  the  etching-figures  (Fig.  250)  will  often  serve 
to  reveal  the  true  trigonal  molecular  symmetry;  here  o  =  (ll34),p  =  (ll22). 

144.  A  basal  projection  of  a  somewhat  complex  crystal  of  calcite  is  given 
in  Fig.  251,  and  a  spherical  projeotion  for  the  same  species  in  Fig.  252;  both 


destriiy  ilia  vuliie  uf  tbe  llU 


!xt  (hemlmorpblc)  gronpi  but  tbls  fact  does  u 
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Bhow  well  the  symmetrj  in  the  distribution  of  the  faces.    Here  the  forms  are: 

prisms,  o  (ll30),  m  {1010);  rhombohedrons,  plus,  r  (lOll),  miDus  e  (0ll2), 

^  (0554),/  (O'iZl) ;  scalenohedrOQB,  plus,  v  (2l3l),  I  (ZlU),  miDus,  z  (13il). 

363. 


3.     RHOMBOHEDRALHEMIMORPHIC   GROUP  (90).     TOUR- 

iMALINE   TYPE. 
146.  Symmetry. — A    number    of    promiuent    rliombohedral    species,  as 
toarmaline,  pyrargyrite,  proustite,  belong  to  a  hemimorpbic  group  under  this 
net  division.     For  them  the  symmetry  in  the  Reap- 

ing of  the  faces  differs  at  the  two  extremities  of 
the  vertical  axis.  The  forms  have  the  three 
diagonal  planes  of  symmetry  meeting  at  angles 
of  G0°  in  the  vertical  axis,  which  is  an  axis  of 
trigonal  symmetry.  There  are,  however,  no 
horizontal  axes  of  symmetry,  as  in  the  rhombo- 
hedral  group,  and  there  is  no  center  of  sym- 
metry.    Ct.  Fig.  253. 

146.  Typicu   Forms.  —  Id    this    group  the 
basal   planes   (0001)    and    (OOOl)   are  distinct 
forms,     Tlie  other  characteristic  forms  are  the 
two  trigonal  prisms  m  (lOlO)  and  m,  (Ollo)  of  the 
unit  series;  also  the  four  trigonal  unit  pyramids,  corresponding  respectively 
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to  the  three  upner  and  three  lower  faces  of  a  pins  rhombohedron,  and  the 
three  npper  ana  three  lower  faces  of  the  minas  rhombohedron;  also  the 
hemimorphic  diagonal  hexagonal  pyramid;  finally,  the  four  ditrigoual  pyra- 
mids, corresponding  to  the  upper  and  lower  faces  respectively  of  the  plus  and 
miniia  scalenohedrooB.  Figs.  254-257  illustrate  these  forms.  Fig.  256  is  a 
basal  section  with  r,  (OlII)  and  e,  (lOTS)  below. 


Ffga.  254-257,  ToumullDe, 


(OliO),  a  (1120),  ft<4l50j,  I 

(lafis). 


4.  TRI-RHOMBOHEDRAL   GROUP  (21).     PHEKACITE   TYPE. 


group,  illustrated  by  the  species  dioptase,  pbenacite, 
SBB. 


■¥■.•• 


147.  Symmetry. — Th 
willemite,  dolomite,  ilmeiiite,  etc.,  is  an  impor- 
tant one.  It  is  characterized  by  the  absence  of 
all  planes  of  symmetry,  but  the  vertical  axis  is 
still  an  axis  of  trigonal  symmetry,  and  there  is 
a  center  of  symmetry.     Cf.  Fig.  258. 

148.  Typical  Forms. — The  distinctive  forms 
of  the  group  are  the  rhombohedron  of  the  second 
order  and  the  hexagonal  prism  and  rhombo- 
hedron, each  of  tlie  tliird  order.  The  group  is 
thus  charnctorized  by  three  distinct  rhombohe- 
drons  (each  -f  "nd  — ))  aid  hence  the  name 
given  to  it. 

The  complementary  pins  and  minus  rliombo- 
hedrons  of  the  second  order  together  embrace  all  the  faces  of  the  diagonal 
pyramid  of  the  normal  group.  For  example,  in  a  given  case  the  faces  for  the 
plus  and  minus  forms  are: 

Phis       (above)    ll52.    3ll2,    l3l2;     (below)    1213,    1125,    2113, 
Minus    (above)    I2T2,    Il22,   2ll2;    (below)    3ll3,    l3l3,    ll33. 


~/': 
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The  rhombohftdroa  of  the  third  order  has  the  general  eymbol  (hkil),  and' 
the  BjmbolB  of  the  six  like  faces  of  the  plus  right-handed  form  (3l3l)  are: 
AboTe  2151,  5311,  1521;  below  l33I,  3l3l,  3311. 
There  are  three  other  complementary  rhombohedronB,  diBtinguiehed 
respecttTely  as  plus  left-handed  {3l3l),  minus  right-handed  (I32l),  and  minus: 
left-handed  (1331).  These  four  sets  of  faces  make  op  the  twenty-four  like 
faces  of  the  dibeiagonal  pyramid  of  Fig.  201.  In  Fig,  259  (drawn  in  the 
reverne  position)  the  rainuB  right-handed  form  (1332)  is  shown. 

The  complementary  right  and  left  hexagonal  prisms  of  the  third  order 
embrace  all  the  faces  of  the  dihexagonal  prism  (f^g.  197).  The  faces  in  a 
given  case  (2l50)  have  the  symbols: 

Eight      2l50,      1320,      3210,      5l30,      l520,      33l0, 
Uft         1250,      33lO,      3X20,      1330,      25lO,      3l30. 
149.  The  remaining  forms  are  geometrically  like  those  of  the  rhombohedral 
group,  viz.:  Base  c(OOOl);  nnit  prism  m  (l*)^*))]  diagonal   prism  a  (ll30); 
rbombohedrons  of  the  first  order,  as  (lOll)  and  (Olll),  etc. 
369. 


150.  The  forms  of  this  gronp  are  best  illustrated  hy  the  crystals  of  the 
species  phenacite,  with  whicn  the  minus  right  rhombohedron  x  (ISSS)  is  not 
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infrequently  the  predominating  form,  as  in  Fig.  359.  The  true  position  of 
this  rhombohedron  is  shown  by  its  relation  to  the  prisms  m  (lOlO)  and  a  (llSO). 
A  more  complex  crystal  of  the  same  species  '*'  is  given  in  Fig.  260,  and  a  basal 
projection  (in  normal  position)  is  shown  in  Fig.  261.  The  faces  present  are: 
rhombohedrons,  first  order,  plus,  r  (lOll),  minus,  z  (Olll),  d  (0112);  second 
order,  right,  p  (ll23),  left,  p,  (2113),  o,  (4233) ;  third  order,  plus  right,  8  (2l3l), 
minus  left,  x,  (1252),  minus  right,  x  (1332). 

lu  order  to  make  clearer  the  relation  of  the  faces  of  the  different  types  of 
forms  under  this  group,  Fig.  262  is  added.  Here  the  zones  of  the  plus  and 
minus  rhombohedrons  of  the  first  order  are  indicated,  also  the  plus  and  minus 
sectants  corresponding  to  each. 

The  following  scheme  may  also  be  helpful  in  connection  with  Fig.  262.  It 
shows  the  distribution  of  the  faces  of  the  four  rhombohedrons  of  the  third 
order  (+  r,  +  Z,  —  r,  —  /)  relatively  to  the  faces  of  the  unit  hexagonal  prism 
(lOlO). 

Phenacite  Type. 


8121  2lSl 

1231  1321 

2811  S211 

3121  2181 

1231  1321 

-I    -r 
2811  82il 

1010 

0110 

1100 

ioio 

0110 

1100 

-I    -r 
8i2i  2lSi 

1231  1821 

2811  3211 

3l2i  2181 

-I    -r 
i28i  1821 

+  1    +r 
2Sll  82ii 

263. 
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5.  TEAPEZOHEDRAL  GROUP  (22).  QUARTZ  TYPE. 

161.  Symmetry. — This  eroup  includes,  among  minerals,  the  species  quartz 
and  cinnabar.  The  forms  have  no  plane  of  symmetry  and  no  center  of  sym- 
metry; the  vertical  axis  is,  however,  an  axis  of 
trigonal  symmetry,  and  there  are  also  three 
horizontal  axes  of  binary  symmetry,  coinciding 
in  direction  with  the  crystallographic  axes;  ci. 
Fig.  263. 

152.  Typical  Forms.  —  The  characteristic 
form  of  the  group  is  the  trigonal  trapezohedron 
shown  in  Fig.  264.  This  is  the  general  form 
corresponding  to  the  syhibol  {hkll),  the  faces 
being  distributed  as  indicated  in  the  accompany- 
ing spherical  projection  (Fig.  263).  There  are 
four  such  trapezohedrons,  two  plus,  called 
respectively  right-handed  (Fig.  264)  and  left- 
handed  (Fig.  265),  and  two  similar  minus  forms, 
also  right-  and  left-handed  (see  tlie  scheme  given  in  Art.  164).  It  is  obvious 
tliat  the  two  forms  of  Figs.  264,  265  are  enantiomorphous,  and  circular 
polarization  is  a  striking  character  of  the  species  belonging  to  the  group  as 
elsewhere  discussed. 

The  symbols  of  the  six  faces  belonging  to  each  of  these  will  be  evident  on 


*  Drawn  with  the  zone  of  minus  rhombohedrons  in  front  to  better  show  the  modifying 
faces.    Fig.  259  is  similar. 
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consulting  Figs.  263  and  209,  p.  70.  The  complementary  plus  forms  (r  and  I) 
of  a  given  symbol  include  the  twelve  faces  of  a  plus  scalenohedron,  while  the 
faces  of  all  four  include  the  twenty-four  264.  266. 

faces  of  the  dibezagonal  pyramid. 

Corresponding  to  these  trapezohedrons 
there  are  two  ditrigonal  prisms,  respectively 
right-  and  left-handed,  as  (2l30)  and  (3l30). 

The  remaining  characteristic  forms  are 
the  right-  and  left-handed  trigonal  prism 
H  (ll20)  and  a  (2110);  also  the  right-  and 
left-handed  trigonal  pyramid,  2i&  (11^2)  and 
(2ll2).  They  include  respectively  the  faces 
of  the  hexagonal  prism  oi  the  second  order 
(llSO)  and  those  of  the  corresponding  pyra- 
mid (11^2);  these  are  shown  in  Figs.  196 
and  200. 

153.  Other  Forms. — The  other  forms  of  the  group  are  geometrically  like 
those  of  the_  normal  group.  They  are  the  base  c  (0001),  the  hexagonaJ  unit 
prism  m  (1010),  and  the  plus  and  minus  rhombohedrons  as  (lOll)  and  (01Il)« 
These  cannot  be  distinguished  geometrically  from  the  normal  forms. 

154.  niuBtraticns. — The  forms  of  this  group  are  best  shown  in  the  species 
quartz.  As  already  remarked  (p.  75),  simple  crystals  often  appear^  to  be  of 
normal  hexagonal  symmetry,  the  rhombohedrons  r  (lOll)  and  z  (Olll)  being 
equally  developed  (Figs.  266,  267).  In  many  cases,  however,  a  difference  in 
molecular  character  between  them  can  be  observed,  and  more  commonly  one 
rhombohedron,  r  (lOll),  predominates  ;  the  distinction  can  always  be  made  out 
by  etching.  Some  crystals,  like  Fig.  268,  show  as  modifying  feces  the  right 
trigonal  pyramid  s  (ll2l),  with  a  right  plus  trapezohedron,  as  x  (5l5l).  Such 
crystals  are  called  right-handed  and  rotate  the  plane  of  polarization  of  li^ht 
transmitted  in  the  direction  of  the  vertical  axis  to  the  right.     A  crystal,  like 


2W. 


268. 


269. 


270. 


A 


m 


m 


w 


267. 


Figs.  266-270,  Quartz. 


Fig.  269,  with  the  left  trigonal  pyramid  s  (2    1)  and  one  or  more  Uft  trapezo- 
hedrons, as  X  (6lSl),  is  called  left-handed,  and  as  regards  light  has  tne  opposite 
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character  to  that  of  Fig.  268.  Fig.  270  shows  a  more  complex  rieht-handed 
crystal  with  several  plus  and  minus  rhombohedrons,  several  plus  rignt  trapezo- 
hedrons  and  the  minus  left  trapezohedron,  iV. 

The  following  scheme  shows  the  distribution  of  the  faces  of  the  four  trape- 
zohedrons_(+  r,  4-  Z,  —  r,  —  I)  relatively  to  the  faces  of  the  unit  hexagonal 
prism  (lOlO) ;  it  is  to  be  compared  with  the  corresponding  scheme^  given  in 
Art.  150,  of  crystals  of  the  phenacite  type^  In  the  case  of  the  minus  forma 
some  authors  prefer  to  make  the  faces  2l3l,  1231,  etc.,  right,  and  3lSI,  l33l^ 
etc.,  left. 

Quartz  Type. 


4-i  +r 

3121  aiSi 

1281  1821 

+  1    +r 
2811  8211 

-  I    -r 
8121  2181 

+  1    +r 
1^81  1821 

-l    -  r 
2811  8MI 

1010 

Olio 

1100 

1010 

0110 

1100 

-r  -  I 
8121  2181 

+  r    +1 
1281  1321 

23ii  8211 

+  r    +1 
8121  2181 

1281  1821 

+  r    -hi 
2811  82il 

156.  Other  Oronps. — The  next  group  (23)  has  one  plane  of  symmetry — that 
of  the  horizontal  axes,  and  one  axis  of  trigonal  symmetry — the  vertical  axis. 
There  is  no  center  of  symmetry.  Its  characteristic  forms  are  the  three  types 
of  trigonal  prisms  and  the  three  corresponding  types  of  trigonal  pyramids. 
Cf.  Fig.  271. 

271.  272. 
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The  last  group  (24)  has  no  plane  of  symmetry  and  no  center  of  symmetry^ 
but  the  vertical  axis  is  an  axis  of  trigonal  symmetry.  The  forms  are  all  hemi- 
morphic,  the  prisms  trigonal  prisms,  and  the  pyramids  hemimorphic  trigonal 
pyramids.  Cf.  Fig.  272.  Neither  of  these  groups  is  known  to  be  represented 
among  crystals. 

Mathematical  Relations  of  the  Hexagonal  System. 

156'.  Choiee  of  Axii. — The  position  of  the  vertical  crystnllograpbic  axis  is  fixed  in  all  the 
groups  of  this  system  since  it  coincides  with  the  axis  of  hexagonal  symmetry  in  the  hex- 
agonal division  and  that  of  trigonal  symmetry  in  the  rhombohedral  division.  The  three 
lateral  axes  are  also  fixed  in  direction  except  in  the  normal  group  and  the  subordinate 
hemimorphic  group  of  the  hexagonal  division  ;  in  these  there  is  a  choice  of  two  positions 
according  to  which  of  the  two  sets  of  vertical  plnnes  of  symmetry  is  taken  as  the  axial  set. 

157.  Axial  and  Angnlar  Elements.— The  axial  element  is  the  length  of  the  vertical  axis,  h^ 
Id.  terms  of  a  lateral  axis,  a ;  in  other  words,  the  axial  ratio  of  a  :  <^.    A  single  measured 
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Angle  (ip  au^  zone  but  the  prismatic)  may  be  taken  as  the  fundamental  angle  from  which 
4be  axial  ratio  can  be  obtained. 

The  angular  element  is  usually  taken  as  the  angle  betw^n  the  base  e  (0001)  and  the  unit 
pyramid  (lOil),  that  is,  0001  a  1011. 

llie  relation  between  this  angle  and  the  axis  h  is  given  by  the  formula 

tan  (0001  A  1011)  X  -V'S  =  i 

The  vertical  axis  is  also  easily  obtained  from  the  unit  diagonal  pyramid,  since 

tan  (0001  A  1122)  =  6, 
These  relations  become  general  by  writing  them' as  follows: 

tan  (0001  A  hOhl)  X  |-V3  =  j  X  i; 

tan  (0001  A  h'h'2h[)  =  y  x  i. 

In  general  it  is  easy  to  obtain  any  required  angle  between  the  poles  of  two  faces  on 
the  spherical  projection  either  by  the  use  of  the  tangent  (or  cotangent)  relation,  or  by  the 
.solution  of  spherical  triangles,  or  by  the  applicat.on  of  both  methods.  In  practice  most  of 
the  triangles  used  in  calculation  are  right-aneled. 

168.  Tangent  and  Cotangent  B6lationB.--The  tangent  relation  holds  good  in  any  zone 
from  e  (OQOl)  to  a  face  iu  the  prismatic  zone.    For  example: 

tan  (0001  A  hOJil)  _  h^      tan  (0001  A  h'h'2h'l)  ___  2h 
tan  (0001  A  lOll)  ~  f  *       tan  (0001  A  1122)     "    I  ' 

In  the  prismatic  zone,  the  cotangent  formula  takes  a  simplified  form ;  for  example,  for  a 
dihexagonal  prism,  MiO,  as  (2l90): 

cot  (lOiO  A  hkiO)  =  ^^^y  f ; 

cot  (1120  A  hklO)  =  ^-^x*^^- 

The  sum  of  the  angles  (1010  a  hkiO)  and  (1120  A  hklO)  is  equal  to  SO*. 

Further,  the  last  equations  can  be  written  in  a  more  general  form,  applying  to  any 
pyramid  (hkU)  in  a  zone,  first  between  1010  and  a  face  in  the  zone  0001  to  0110,  where  the 
tangle  between  1010  and  this  face  is  known;  or  again,  for  the  same  pyramid,  in  a  zone 
between  1120  and  a  fnce  in  the  zone  0001  to  1010,  the  angle  between  1120  and  this  face 
being  given.  For  example  (cf .  Fig.  209,  p.  70),  if  the  first- mentioned  zone  is  1010 -AAri/  0111 
and  the  second  is  1120'AA;IM011,  then 

cot  (1010  A  hkil)  =  cot  (lOiO  A  Olil) .  ^^f^ » 
and 

cot  (1120  A  hkll)  =  cot  (ll20  A  lOil) .  -^i_|. 


h  —  k' 


Also  similarly  for  other  zones, 


*  s      2A  4-  jfe 

cot  (1010  A  hkll)  =  cot  (lOiO  A  022l) .     V^    ,  etc 

cot  (1120  A  hkll)  =  cot  (lOlO  A  205l) ;  |i^,  etc. 
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169.  Other  Angular  Balationf . — The  following  simple  relations  are  of  frequent  me: 

(1)  For  a  unit  hexagonal  pyramid 

tan  i  (lOil  A  0111)  =  sin  ^i^i,  where  tan  4  =  J» 
and  in  general 

tan  i  (hOhl  A  Ohhl)  =  sin  iv^i,  where  tan  4«  =  4^ 

(2)  For  a  diagonal  pjframid,  as  (1122), 

2  sin  i  (1122  A  1212)  =  sin  4,       and      tan  4  =  J. 
(8)  For  a  rhambohedron 

sin  i  (lOil  A  1101)  =  sin  aVj.  where  a  =  (0001  A  lOil); 
in  general 

sin  i  (hOhl  a  hhOi)  =  sin  a^j/},  where  a,  =  (0001  A  AOAZ). 

160.  Zonal  Balationi.— The  zonal  equations,  described  in  Arts.  48,  44,  apply  here  as  ia 
other  systems,  only  that  it  is  to  be  noted  that  one  of  the  indices  referring  to  the  lateral  axes, 
preferably  the  third,  ^,  is  to  be  dropped  in  the  calculations  and  only  tne  other  three  em- 
ployed.   Thus  the  hidices  (u,  v,  w)  of  the  zone  in  which  the  faces  (hkll),  (pgrt)  lie  arfr 
given  by  the  scheme 

h       k       I       h       k 


XXX 


where  u  =  kt  ^  ql,       y  ==  Ip  —  ht,       w  =  A5  —  kp. 

For_  example  (Fig.  216),  the  face  u  lies  in  the  zone  mt,  1010  *  1121  and.also  in  the  zone* 
m'y,  Olio  '2021.  For  the  first  zone  the  values  obtained  are  :  u  =  0,  v  =  1,  w  =  1;  hence 
for  any  face  in  this  zone  the  relation  k  =  I  holds  true.  Similarly  for  the  second  zon& 
«  =  1,  /  =  0,  ^  =  —  2,  or  ^  =  2i.  Therefore  the  symbol  of  the  given  face  is  given  either 
by  the  scheme 

0       1       1        0       i 

10        2       10 


or  from  the  two  equations  k  =  I  and  h  =  21.  The  face  m  has,  therefore,  the  symbol  2lSl^ 
since  further  »  =  —  (^  +  k). 

161.  Formulai. — The  following  formulas  are  sometimes  useful: 

(1)  The  distances  (see  Fig.  209)  of  the  pole  of  any  face  {Jikll)  from  the  poles  of  the  facea 
(1010),  (0110),  (ilOO),  and  (0001)  are  given  by  the  following  equations: 

cos  PA  =  cos  (hkiO  (1010)  =  H^-^^h) 

cos  PB  =  cos  {hkU)  (0110)  =  ^^*  "^  ^^ 


cos  PM  =  cos  (hkil)  (1100)  =  -:. 


V'Sr  4-  4<i»(/i«  -h  A;«  -f  M) 
Hh  -  k) 


|/3^  +  ib^h-'  -h  A*  -f  ?ik) 


008  PC  =  COS  (hkU)  (0001)  = 
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V3P  +  4i«(A«  +  *«  +  /!*)  * 


(3)  The  distance  (PQ)  between  the  poles  of  any  two  faces  P  (hkU)  and  Q  {pqrt)  is  given 
tj  the  eqtiation 


V[8^  +  4a»(A«  +  A^  +  hk)]  [3<«  +  U^p'  +  ««  +  p^)]  ' 


(8)  For  special  cases  the  abore  formula  becomes  simplified;  it  serves  to  give  the  value 
€i  tne  normal  angles  for  the  several  forms  in  the  system.    They  are  as  follows: 

(a)  Hexagonal  Piframid  (hOhl),  Fig.  199: 

cos  X  (terminal)  =  ^  ^  ^,^, ;     cos  Z  (basal)  =  ^  _^  ^,^,. 

lb)  JHoffonai  pyramid  {h'h'2h'l),  Fig.  200  : 

cos  Y  (terminal)  =  ^  ^  ^^, ;     cos  Z  (basal)  =  jqr4jf^i- 
(«)  JXhexagMal  Piframid  (AA^U): 

cos  X(see  Fig.  301)  =  g^  +  4i.(;i,  ^  ^  +  ;^) • 

coeY(seeFig.a01)=3^^^,(^,^^,^^^/. 

_  .,       „  4^«(At  4-  A;«  +  AA;)  -  8^ 

COS  Z  (basal)  -  ^p -j- 4^%h*  +  k*  +  hk)' 

(if)  DtfAAMi^^TUiJ  Priim  {hk^).  Fig.  197: 

«*  ^  <«^^)  =  2(A«  +  ^Aifc)  '  "^  ^  ^^^^^^"^^  =  2ih^  +  k^  +  hky 

(#)  .SA^m^aMron  (lOll): 

8Z*  —  2^*^ 
COS  X  (terminal)      =  SF+W^* 

(/)  Scaltnohedron  (hkltj: 

^.      ™     n^ox      8i»  +  2i(2*«  +  2^  -  A») 
cosX  (see  Fig.  242)  =  ^t^^2\h*  ^  k^  +  hk)' 

^,       «.     *..m      8J»  +  2<i«(2A«  +  2AA:  -  A:') 
COS  Y  (see  Fig.  242)  =  3^  ^  ^.(;^,  ^  ^^^  ^  ;^) . 

cos  Z  (basal)  =  3ir+4^«(,,«  +  *«  +  A*)  • 
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161.  AnglM.— The  uiglea  for  some  commoDly  occurring  prbms  are  glvea  In  the 
following  titble: 

ffl(1010.  i) 

t|  8*  57* 

*-!  10  osi 

i-t  13  H 

i-l  16     6 


61  Bo 
.4150 
8140 
0270 

ai8o 

S250 
64S0 


a<ll^,  t'3) 
21°    8" 
19     $t 


IS    H 
10    68} 


ae   19} 


6  a&i 

40i 


Mtller  to  three  equal  oblique  &xea  parallel 
h>  tbe  faces  of  the  fundsmentsl  rhombo- 
bedrou.    Tbe  forms  are  as  follows : 

Tbe  fscea  baviug  tbe  ludices  100,  010, 
001  are  tboBe  of  tbe  (plus)  ruadamenlal 
rbombohedron.  wbile  ibe  face  111  la  the 
bue.  The  faces  221,  122,  212  are  iboee 
of  tbe  minus  f II udameDtal  rbomboliedrou; 
witb  100,  010,  001  tbey  form  tbe  udU 
bezagonal  pyramid. 

Tbe  faces  of  ibobexagona!  uoltpriam, 
m  (lOiO).  bavc  tbe  symbols  2ll,  IIS,  121, 
0)1  211,  lis,  iSl.  Tbose  of  (tie  second,  or 
diagonal,  bezRgonal  prism,  a  (1120),  have 
the  symbols  101,  Oil,  hO,  101,  Oil, 
110. 

The  dlhezagoual  pyramid  embraces, 
like  the  simple  beiagonal  pyramid,  Iwo 
forms  (Alcl)  and  (e/s):  of  these  Ibe  symbol 
(hkl)  hence  belongs  to  tbe  plus  scalenobe- 
dron,  and  (rfg)  lo  ihc  minus.  In  Ibis  as  In 
other  cases  li  Is  true  thiit  «  =  aA  +  2A  - 1, 
f=2h-k  +  2l.ff=  ~7.  +  2lc  +  2l.  For 
ejtample.  the  facts  810,  301.  021,  120.  102, 
012  (Fig.  278)  belong  In  tbe  RhombohednU  Division  of  this  system  to  tbe  scnlenobedron 
43l3l).  The  complcmeiilaiy  minus  scalenobedron  would  bavc  Ihe  faces  524,  etc.  The 
twenty-four  faces  of  these  two  forms  taken  together  would  embrace  nil  the  faces  of  ihe 
dlheiagotiiil  pyramid  of  the  Hexagonal  Division  (21§I).  Cf.  Fig.  20S,  p.  70,  and  Fig. 
252.  p.  79.  wiih  Fie.  273  given  here. 

Similarly  tiie  dibexagonal  prUm  includes  tlie  six  faces  of  the  form  {hkO),  and  the 
remninlDg  six  of  tiie  form  (efO). 

It  is  seen  at  once  that  the  indices  given  above  are  those  of  tbe  isometric  system,  where 
the  cube  eorieaponds  lo  a  rbombohedron  of  90°;  tbe  projoclion  of  Fig.  110,  p.  41.  la  brought 
into  rclnilon  with  the  above  if  an  octahedral  axis  Is  placed  vertical. 

Tbe  inconvenience  of  having  the  faces  of  the  same  form  (*.ff.,  the  dlhexagonal  prfsm  or 
pyriiniid  uf  beryl)  represent eil  by  two  seisof  indices  is  obvious,  and  this  method,  introduced 
l)y  Miller,  is  now  seldom  employed.  This  objection,  however,  disappears  if  tbe  axes  and 
Indices  described  are  used  for  rbombohedial  forms  only,  that  is,  for  forms  belonging  to  Ihe 
groups  which  iii-o  characterized  by  a  vertical  axis  of  trigonal  symmetry,  Tliis  is  tbe 
method  adopted  by  Grolb  (1895).  It  is  believed  by  Ihe  author,  however,  that  tbe  mutual 
Tclattoiis  of  all  tbe  groups  of  both  divisions  of  tbe  hexagonal  system  among  themselves  (as 
also  to  the  groups  of  the  tetragonal  system),  both  morphological  and  physical,  are  best 
brought  out  by  keeping  throughout  tbe  aamo  axes,  naniely.  tbose  of  Fig.  193,  Art.  US. 
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IV.   ORTHORHOMBIC  SYSTEM. 

164.  The  Orthokhombic  System  includes  all  the  forms  which  are  referred 
to  three  unequal  axes  at  right  angles  to  each  other. 

Of  these  axes  the  shorter  lateral  axis,  or  hrachy-axu^  is  represented  by  the 
letter  df,  the  longer  lateral  axis,  or  macro-axis,  by  ?,  and  the  yertical  axis  by  i 
(cf.  Fig.  275).  In  the  statement  of  the  axial  ratio  %  is  uniformly  taken  as  the 
unit. 

1.  NORMAL  GROUP  (25).  BARITE  TYPE. 

165.  Symmetry. — The  forms  of  the  normal  group  of  the  orthorhombio 
system  are  characterized  by  three  unlike  planes  274. 

of  symmetry,  at  right  angles  to  each  other,  and 
further,  coincident  with  their  intersection-lines, 
there  are  three  axes  of  binary  symmetry,  which 
directions  are  also  those  of  the  crystallographic 
axes.  These  axes  are  consequently  fixed  in 
position  by  the  symmetry,  but  any  one  of  them 
may  be  made  the  vertical  axis. 

The  symmetry  of  the  group  is  exhibited  in 
the  accompanying  spherical  projection.  Fig.  274. 
This  should  be  compared  with  Fig.  69  ^).  33) 
and  Fig.  148  (p.  53),  representing  the  symmetry 
of  the  normal  groups  of  the  isometric  and  tetrag- 
onal systems  respectively.  It  will  be  seen  that 
while  normal  isometric  crystals  are  developed  alike  in  the  three  axial  direc- 
tions, those  of  the  tetragonal  type  have  a  lilce  development  only  in  the  direc- 
tion of  the  two  lateral  axes,  and  those  of  the  orthorhombic  type  are  unlike  in 
the  three  axial  directions.  Compare  also  Figs.  70  (p.  34),  149  (p.  54),  and  275 
(p.  90). 

166.  Forms. — The  various  forms  possible  in  this  group  are  as  follows : 

Miller. 

1.  Macropinacoid  or  }        i\c\c\\ 

fl.pinacoid  f  ...li^^; 

2.  Brachypinacoid  or  )      ,^^^. 

6-pinacoid  J      ^       ' 

3.  Base  or  c-pinacoid. .  .'..(001) 

i  Unit  prism (110) 

4.  \  Macroprisnis . .  .(/i^O)  //  >  k 

(  Brachy prisms . .  (// W)  h<k 

6.  Macrodomes (7*0/) 

6.  Brachydomes (0^/) 

(Unit  pyramids (hhl) 
(111) 
Macropyramids  {JikV)  h>k 
Brachypyramid8(7iA;/)/K  A; 


Naumann. 

^  :  00  J  :  00  (^ 

00  P  ^  or  i-l,  a 

c»  a  :  J  :  00  (J 

00  P  <»  or  t'i,  b 

00  «  :  oo  J:  (^ 

OP  or  0,  c 

d  :l  :^i 
a  :  nh  :  ooi 

00  P  or  A  m 
00  Pn  or  i-n,  as  (210)  i  2 

nd  :h  :  coi 

00  Pii  or  i-n,  as  (120)  t-"J 

a  :  y^h  :7)ii 

mPoo  or  m-iy  as  (201)  2  I 

cod  :h  :mi 

mPab  or  w-i,  as  (021)  2-j 

d  :h  :  mi 
d  :h  :  i 
d  :nh  :  mi 

nd :b  :mi 

mP  or  m,  as  (221)  2 
Por  1 
mPh  or  m-n,  as  (211)  2-2 

mPn  or  m-n,  as  (121)  2-2 

♦  The  prefixes  brachy-  and  macro-  used  in  this  system  (and  also  in  the  triclinic  system) 
are  from  the  Greek  words  fipaxv^,  short,  and  ucxKfjo^,  long. 
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Id  general,  ns  defined  on  p.  26,  a  pinaeoid  is  a  form  whose  faces  are  parallel  to  two  of 
the  axes,  tbnt  is,  to  an  axial  plane ;  u  priam  is  one  whose  fnces  are  parallel  to  the  vertical 
axis,  but  iutei*sect  the  two  lateral  axes ;  a  dome*  is  one  whose  faces  are  parallel  to  one 
of  the  lateral  axes,  but  intersect  in  the  vertical  axis.  A  dome  is  sometimes  called  a  horwmUU 
prism;  a  pyramid  is  a  form  whose  faces  meet  all  the  three  axes. 

These  terms  are  used  in  the  above  sense  not  only  in  the  orthorhombic  system,  but  also 
in  the  monoclinic  and  triclinic  systems ;  in  the  last  each  form  consist  of  two  planes  only. 

167.  Pinaooids. — The  macropinacoid  includes  two  faces,  each  of  which  is 
parallel  both  to  the  macro-axis  I  and  to  the  vertical  axis  6\  their  symbols  are 
respectively  100  and  lOO.  This  form  is  uniformly  designated  by  the  letter  a, 
and  is  conveniently  and  briefly  called  the  a-pinacoid. 

The  brachypinacoid  includes  two  faces^  each  of  which  is  parallel  both  to 
the  brachy-axis  a  and  to  the  vertical  axis  &  ;  the^  have  the  symbols  010  and 
OlO.     This  form  is  designated  by  the  letter  h\  it  is  called  the  b-pinacoid. 

The  base  or  basal  pinaeoid  includes  the  two  faces  parallel  to  the  plane  of 
the  lateral  axes,  and  having  the  symbols  001  and  OOl.  This  form  is  designated 
by  the  letter  c ;  it  is  called  the  c-pinacoid. 

Each  one  of  these  three  pinacoids  is  an  open-form,f  but  together  they 
make  the  so-called  diametral  prism,  shown  in  Fig.  275,  a  solid  which  is  the 
analogue  of  the  cube  of  the  isometric  system.  Geometrically  it  cannot  be 
distinguished  from  the  cube,  but  it  differs  in  having  the  symmetry  unlike  in 
the  three  axial  directions ;  practically  this  may  be  shown  by  the  unlike 
physical  character  of  the  faces,  a,  b,  c,  for  example  as  to  luster,  striations,  etc.; 
or,  again,  by  the  cleavage.  Further,  it  is  proved  at  once  by  optical  properties* 
This  diametral  prism,  as  just  stated,  has  three  pairs  of  unliKe  faces.  It  has 
three  kinds  of  ed^es,  four  in  each  set,  parallel  respectively  to  the  axes  d,  5, 
and  i  ;  it  has,  further,  eight  similar  solid  angles.  In  Fig.  275  the  dimensions 
are  arbitrarily  made  to  correspond  to  the  relative  lengths  of  the  axes,  but  the 
student  will  understand  that  a  crystal  of  this  shape  gives  no  suggestions  as  to 
these  values. 


276 
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168.  Prisms. — The  prisms  proper  include  those  forms  whose  faces  are 
parallel  to  the  vertical  axis,  while  they  intersect  both  the  lateral  axes;  their 
general  symbol  is,  therefore,  {hkO),  These  all  belong  to  one  type  of  rhombic 
prism,  in  which  the  interfacial  angles  corresponding  to  the  two  unlike  vertical 
edges  have  different  values. 

The  unit  prism,  (110),  is  that  form  whose  faces  intersect  the  lateral  axes  in 
lengths  having  a  ratio  corresponding  to  the  accepted  axial  ratio  oi  a\l  for  the 

{jiven  species;   in  other  words,  the  angle  of  tnis  unit  prism  fixes  the  unit 
engths  of  the  lateral  axes.     This  form  is  shown  in  combination  with  the  basal 


*  From  the  Latin  damua,  because  resembling  the  roof  of  a  house  ;  cf .  Figs.  279,  280. 
t  See  p.  25. 
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pinacoid  in  Fig.  276;  it  is  uniformly  designated  br  the  letter  m.    The  four 
faces  of  the  unit  prism  have  the  symbols  110,  IlO,  Ilo,  llo. 

The  maeroprisma  lie  between  the  macropinacoid,  a  (100),  and  the  unit 
prism  m  (110),  and  consequently  for  them  the  ratio  oi  hiok  is  greater  than 
1:1;  in  other  words,  the  ratio  of  the  intercepts  on  the  axes  i  anudC  is  greater 
Uian  that  for  the  unit  prism.  Common  forms  have  the  symbols  (IIU),  (31U), 
(210),  (320),  (430),  etc.,  given  in  order  from  100  toward  110;  of.  the  splierical 
projection  of  Fig.  303.  The  face  I  of  Fig.  277  is  the  macroprism  (210);  for 
this  form  the  axial  intercepts  (see  the  basal  projection.  Fig.  278)  are  in  the 
ratio  of  j^d:  ih,  or  Id;  2h;  a  similar  relation  hold^  for  the  other  forms  (110),  etc. 


u=i 


t=u 


The  hrachypritms  lie  between  the  nnit  prism  and  the  brachypinscoid 
h  (010),  and  consequents  for  them  the  ratio  of  the  first  two  indices  is  less 
than  1 : 1,  or  the  ratio  of  the  intercepts  on  I,  &  is  less  than  that  of  the  unit 
prism.  Common  forms  are  (340),  (230),  (120),  (130),  given  in  order  from  110 
toward  010,  For  the  form  n  (120),  shown  in  Figs.  277,  278,  the  axial  inter- 
cepts are  in  the  ratio  of  l^:io,  or  2d:l.  Other  examples  of  these  prisms  are 
given  later  (see  Figs.  296-299).  * 

In  Nftumami'B  Hjmbols  the  number  n,  the  multiple  of  the  lateral  axis,  U  always  rude 

rater  than  unity.  Hence  nhlle  the  miicroprisnj,  /,  of  Fig.  277  baa  the  full  symbol 
ai  ;  »  i.  or  briefly  oo  P2  (or  ^5).  the  brachyprUm  ie  wriHen  3ri  :  *  :  oo  A.  or  go  P3  (or  i4). 
Instead  of  the  equfva lent  form  i-.^b-.tch.  Id  other  worda,  with  the  raacroprirma  (and 
tuacropyramida)  the  value  of  the  bracbyaxii  U  made  equal  to  unity,  while  with  the  brachy- 
prismB  (and  brachypyramids)  the  macxu-aila  1b  taken  bh  the  unit. 

169.  Macrodomes,  Braohydomes.— The  tnacrodomet  are  forms  whose  faces 
are  parallel  to  the  macro-axis,  h,  while  tbey  intersect  the  vertical  axis  i  and 
the  lateral  axis  d;  hence  the  general  symbol  is  (AOl).  The  angle  of  the  unit 
macrodome,  (101),  fixes  the  ratio  of  the  axes  d:i.  This  form  is  shown  in 
Fig.  279  combined  (since  it  is  an  open  form)  with  the  brachy pinacoid. 

In  the  macrodome  zone  between  the  base  c  (001)  and  the  macropinacoid 
a(lOO)  there  may  be  a  large  number  of  macrodomes  having  the  symbols^ 
taken  in  the  order  named,  (103),  (102),  (203),  (101),  (302),  (201),  (301),  etc. 
Cf.  Figs.  298  and  302  described  later. 

The  h-acliydomes  are  forms  whose  faces  are  parallel  to  the  brachy-axis,  d^ 
vhile  tbey  intersect  the  other  axes  i  and  h;  their  general  symbol  is  {Okl). 
The  angle  of  the  unit  bracbydome,  (Oil),  which  is  shown  with  a  (100)  in 
Fig-  280,  determines  the  ratio  of  the  axes  l:i. 

The  bracbydome  zone  between  i;(00I)  and  6(010)  includes  the  forms 
(013),  (012),  (023),  (Oil),  (032),  (021),  (031),  etc.     Cf.  Figs.  298  and  302. 
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Both  sets  of  domes  are  often  spoken  of  as  horizontal  prisms.  The 
propriety  of  this  expression  is  obvious,  since  they  are  in  fact  prisms  in 
geometrical  form;  farther,  the  choice  of  position  for  the  axes  which  makes 
them  domes,  instead  of  prisms  in  the  narrower  sense,  is  more  or  less  arbitrary, 
as  already  explained  elsewhere. 


279. 


280. 


281. 


170.  Pyramids. — The  pyramids  in  this  system  all  belong  to  one  type,  the 
double  rhombic  pyramid,  bounded  by  eight  faces,  each  a  scalene  triangle.  This 
form  has  three  kinds  of  edges,  X,  Y,  Z  (Fig.  281;  cf.  also  Fig.  290),  each  set 
with  a  different  interfacial  ande;  two  of  these  angles  suffice  to  determine  the 
axial  ratio.    The  symbol  for  this,  the  general  form  for  the  system,  is  (hkl). 

The  pyramids  fall  into  three  groups  corresponding  respectively  to  the 
three  prisms  just  described,  namely,  unit  pyramids,  macropyramids,  and 
brachypyramids. 

The  unit  pyramids  are  characterized  by  the  fact  that  their  intercepts  on 
the  lateral  axes  have  the  same  ratio  as  those  of  the  unit  prism;  that  is,  the 
assumed  axial  ratio  {a:  h)  for  the  given  species.  For  them,  therefore,  the  gen- 
eral symbol  becomes  (hhl). 

For  different  unit  pyramids  on  crystals  of  the  same  species  the  vertical 
axes  may  have  different  lengths  bearing  usually  some  simple  numerical  ratio 
to  each  other  (and  always  commensurate),  and  these  form  a  zo7ie  of  faces  lying 
between  the  base  c  (001)  and  the  unit  prism  m  (110).  This  zone,  for  example 
as  shown  in  the  basal  projection  of  a  sulphur  crystal  given  in  Fig.  302, 
includes  the  forms  t^  (119),  go  (117),  t  (115),  o  (114),  s  (113),  y  (112),  jy  (111). 
Cf.  also  Fig.  66,  p.  30,  of  the  same  species,  and  the  spherical  projection. 
Fig.  303.  In  the  symbol  of  all  of  the  forms  of  this  zone  h  =  k,  and  the 
lengths  of  the  vertical  axes  are  hence,  in  the  exam{)le  given,  ^,  |,  ^,  ^,  ^,  1  of 
the  vertical  axis  d  of  the  pyramid  p  (Fig.  290),  which  in  this  species  is  taken 
as  the  unit  pyramid.     The  axial  ratio  for  sulphur  is  given  on  p.  22. 

The  viacropyrnmids  and  brachypyramids  are  related  to  each  other  and  to 
the  unit  pyramids,  as  were  the  macroprisms  and  brachyprisms  to  themselves 
and  to  the  unit  prism.  Further,  each  vertical  zone  of  macropyramids  (or 
brachypyramids),  having  a  common  ratio  for  the  lateral  axes  (or  of  h:k  m 
the  symbol),  belongs  to  a  particular  macroprism  (or  brachyprism)  characterized 
by  the  same  ratio.  Thus  the  macropyramids  (214),  (213),  (212),  (421),  etc., 
all  belong  in  a  common  vertical  zone  between  the  base  (001)  and  the  prism 
(210).  Similarly  the  brachypyramids  (123),  (122),  (121),  (241),  etc.,  fall  in  a 
common  vertical  zone  between  (001)  and  (120).  Cf.  Fig.  299,  where  u  and  o 
are  the  brachypyramids  (134),  (131),  falling  in  the  same  vertical  zone  as  the 
brachyprism  rf(130).  See  also  the  basal  projection,  Fig.  302,  and  the 
spherical  projection,  Fig.  303,  both  of  sulphur,  noting  the  relation   of  the 
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macropyramid  (315)  to  the  macroprism  (310)  and  the  brachypyramids  (135)^ 
(133),  (131}  to  the  brachyprism  (130). 

17i.  Dlnitrations. — The  following  figures  of  barite  (282-289)  dve  excellent 
illustrations  of  crystals  of  a  typical  orthorhombic  species,  and  show  also  how 
the  habit  of  one  and  the  same  species  may  vary.  The  axial  ratio  for  thia 
species  is  given  on  p.  96.  Here  d  is  the  macrodome  (102)  and  o  the  unit 
brachydome  (Oil);  m  is,  as  always,  the  unit  prism  (110).    Figs.  282-285  and 


282. 


283. 


284. 


286. 


^ 


286 


288. 


287. 


289. 


Barite  Crystals. 

287  are  described  as  tabular  ||  c;  Fig.  286  is  prismatic  in  habit  in  the  direction 
ol  the  macro-axis  (J),  and  288,  289  prismatic  in  that  of  the  brachy-axis  (A). 
Figs.  290-294  of  native  sulphur  show  a  series  of  crystals  of  pyramidal 
habit  with  the  unit  domes  c(lOl),  w(Oll),  and  the  unit  pyramids  p  {lll)^ 
s  (113).  Note  that  e  and  n  truncate  respectively  the  terminal  edges  of  the 
fundamental  pyramid  p.  In  general  it  should  be  remembered  that  a  macro- 
dome  truncating  the  edge  of  a  pyramid  must  have  the  same  ratio  othil;  thus, 
(201)  truncates  the  edge  of  (221),  etc.  Similarly  of  the  brachydomes:  (021) 
truncates  the  edge  of  (221),  etc.    Cf.  Figs.  302  and  303. 
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292. 


293. 


294. 


Sulphur  Crystals. 

Again,  Fig.  295,  of  staurolite,  shows  the  pinacoids  b  (010),  c  (001),  the  unit 
prism  m  (110),  and  the  unit  macrodome  r  (101). 

Figs.  296-298  are  prismatic  crystals  of  topaz.  Here  m  is  the  unit  prism 
(110^;  I  and  n  are  the  brachyprisms  (120),  (140);  e/and  p  are  the  macrooomes 
(201)  and  (401) ;  f  and  y  are  the  brachydomes  (021)  and  (041) ;  t,  u,  and  o  are 
the  unit  pyramids  (223),  (111),  (221). 


94  CRT8TALL00BAPHT. 

In  Fig.  299,  of  iolite,  sand  rare  the  anit  pyramids  (113),  (111);  (f  is  the 
brachyprism  (130),  and  u,  o  are  the  corresponding  bracfaypyramids  (134), 
(131 ).  Fig.  300,  of  brookite,  simulates  a  tetragonal  crystal  since  the  prismatic 
angle  is  uot  very  far  from  90°;  here  z  =  (113).  In  Fig.  301  of  the  same 
«pecies,  e  is  the  brach ^pyramid  (122);  this  crystal  cloaely  resembles  an 
hexagonal  pyramid  with  its  axis  placed  horizontal  since  the  angles  me  (110  A 
132)  and  ee'  (122  A  ^22)  are  approximately  eqnal. 


172.  Projectioni.- 


Brookite.  Brookite. 

Basal  and  spherical  projections  of  a  typical  ortho- 
rhombic  species  have  already  been  given  in  Figs. 
63  and  65  on  pp.  27,  28.     The  subject  ia  so  im- 

fiortant,  however,  tliat  others  are  given  here 
Figs.  302,  303)  for  the  species  sulphur,  cf. 
Figs.  290-294,  also  Fig.  66,  p.  30.  In  Fig.  303 
besides  the  pinaooida  a  (100),  6  (010),  c(OOl),  the 
positions  of  the  priams*  (310),  m (110),  (130)  are 
shown;  the  macrodomes  u(103),  e(IOl)  and  the 
brachydomes  v  (013),  n  (Oil);  the  remarkable  zone 
of  unit  pyramids  0  (119),  oa  (117),  i  (115),  o  (114), 
s  (113),  y  (112),  p  (111) ;  finally  the  macropyi-amid 
/S  (315)  and  the  bracbvpjrramids  z  (135)  and  a:  (133). 
Both  projections  exhibit    clearly    the    symmetry 

"The  prism  m  is  not  showa  In  Fig.  302.  but  is  added  here  for  sake  of  compleleDeas; 
also  (SIO),  (130).  forms  not  yet  observed  od  tbto  species. 
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chwacteriBtic  of  the  groop;  the  promiDent  zones,  already  spoken  o^  ehonld 
also  be  ooted. 
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2,  HEMIMORPHIC  GROUP  (36).     CALAMINE  TYPE. 

173.  STaunetry  and  Tjrpical  Formg. — The  forme  of  the  firlliorhomhic-himU 
morphie  ^ronp  are  characterized  by  two  unlike  planes  of  symmetry  and  one 
aziB  of  binary  Bymmetry,  the  line  in  which  they  g^^ 

intefBect;  there  is  no  center  of  symmetry.  The 
foriDB  are  therefore  hemimorphio,  as  defined  in 
Art.  29.  For  example,  if,  as  is  iiRiially  the  case, 
the  Tertical  azis  is  made  the  axis  of  symmetry,  the 
two  planes  of  symmetry  are  narallei  to  the  pina- 
coida  a  flOO)  and  b  (010).  The  prisms  are  then 
geometrically  like  those  of  the  normal  group,  as  «^ 
•re  also  the  macropinacoid  and  brachypinacoid  ; 
bnt  the  two  basal  planes  become  two  independent 
forma,  (001)  and  (OOT).  There  are  also  two  macro- 
domes,  (101)  and  (lOT),  or  in  general  (hOl)  and 
(hot);  and  similarly  two  sets,  for  a  given  symbol. 
of  brachydomes  and  pyramids. 

The  general  symmetry  of  the  group  is  shown  in  the  spherical  projection  of 
Pig.  304,     Further,  Figs.  305,  306,  of  calamine,  and  307,  of  atrnvite,  represent 
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typical  ciTStala  of  tbie  group.    In  Figs.  305, 306  the  forms  present  are  /  (301), 
8  (101),  i  (031),  e  (Oil),  V  (12l);  in  Fig.  307  they  are  s  (101),  s,  (lOl),  q  (Oil). 

ao6.  aoe.  307. 
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/^^^ 


3.  SPHENOIDAL  GEOTTP  (27).    EPSOMITE  TYPE. 

174.  BymmetiT  and  Tsrpioal  Fomu. — The  forms  of  the  remaining  group  of 
the  system,  the  orthorliombic-sphemii-  308.  309, 

da?  group,  are  characterized  by  three 
unlike  rectangular  axes  of   oinary 
symmetry,  but  they  have  no  plane 
and  no  center  of  symmetry  (Fig.308). 
The  general  form  kkl  here  has  four 
faces  only,  and  the  corresponding       . 
solid  is  a  rhombic  sphenoid,  aoalo-  i»f— 
goustothe  sphenoid  of  the  tetragonal 
system.     The   complementary  plus 
and  minus  sphenoids  are  enantio- 
morphous.     Fig.  309   represents   a 
typical  crystal,  of  epsomite,  with  the 
plus  sphenoid,  2  (111).  Other  crystals 
of  this  species  often  show  both  plus  and  minus  complementary  forms,  but 
neually  unequally  developed. 

Mathruatical  Relations  of  the  Orthobhoubic  Stbteu. 

ITS.  ChalM  of  As«.— As  explained  la  Art.  IBS,  tbe  three  crjetallograpbic  axes  are  fixed 
aa  regnrclB  direciiun  In  nil  ortlio rhombic  cry«ta.lB.  but  any  one  of  tliem  may  be  made  tha 
vertical  axia,  6;  and  at  the  two  laleral  axea.  which  is  the  longer  (b)  and  which  the  sboner 
(d)  CBunol  be  delennlned  until  it  ia  decided  which  faces  to  assume  aa  the  fundamental,  or 
unit,  pyramid,  priatii,  or  domes, 

Tha  choice  la  generally  ao  made,  In  a  given  case,  as  to  best  bring  out  tlie  relation  of  the 
crysials  of  the  specie*  in  hand  10  otiiers  allieil  lo  tbem  in  fonn  or  In  cliemlcal  compositioo,  or 
In  bolb  reapecia;  or,  so  aa  to  make  Ibe  cleavage  parallel  to  the  fundamental  form:  or,  u 
suggested  by  the  common  habit  of  Ihe  crystals,  or  other  coualderallona. 

ITS.  Axial  aad  Angular  Elamanti.— Tlie  axial  eUmtnU  are  giveo  by  Ibe  ratio  of  tlie 
lengths  of  the  three  aies  in  terms  of  Ibe  inucro-axis,  S.  as  unity.  For  example,  with  barlte 
the  axial  ratio  ia 

a:S:i  =  0-81520:l:l'S1359. 
E  usually  taken  as  the  angles  between  the  three  pinacoids  and 
ines  between  them.    Thus,  again  for  barlte.  [Iiese  elemenla  an 
100  A  110  =  8»' 11' 18",    001  A  101  =  68°  Iff  36",    001  A  Oil  =  68' 48' 8". 
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Two  of  Ihew  angles  obTJouslj  determine  llie  third  augle  aa  well  as  tbe  axial  rntto.    The 


degree  of  accuracy  to  be  attempted  ia  tbe  Blatemeot  of  tbe  axial  ratio  depeudB  upon  the 


character  of  the  fundamental  measure oi en ta  from  which  this  ratio  baa  been  deduced. 
ia  ao  good  reason  for  gWlng-  the  values  of  li  and  i  to  mauj  decimal  places  if  Uio  probable 
error  of  tbe  measurements  amounts  to  many  minutes,  lu  tbe  above  case  Ihe  measurements 
(by  Helmhacker)  are  suppose*!  to  be  accurate  within  a  few  seconds.  It  is  conveuient.  how- 
ever, to  have  tbe  angular  eleraenla  correct,  say,  within  10",  ao  that  the  calculated  angles 
obiained  from  tbem  will  not  vary  from  tbose  derived  direct  from  the  measured  ungiea  by 
more  than  80"  to  1'. 

ITT.  CalevlatioB  of  the  AxN.—Tbe  following  simple  relations  (cf.  Ait,  U)  connect  tbe 
ftxes  with  tbe  angular  ekmauta : 

tan  (100  A  110)  =  4,    tan  (001  A  Oil)  =  i.    taa  (001  A  101)  =  |. 

These  equatlong  aerve  to  give  either  tbe  axes  from  tbe  angular  elements,  or  tbe  angulai 
elements  from  tbe  axes.  It  will  bu  noted  that  tbe  axes  are  not  needed  for  olmple  purposes 
of  calculation,  but  It  is  still  Importunt  to  have  tbem,  for  example  to  use  iu  comparing  tbe 
morphological  relations  of  allied  species. 

Id  practice  it  is  easy  to  pass  fiom  the  measured  angles,  asaamcd  as  tbe  basis  of  catculation 
(or  deduced  from  tbe  observations  by  tbe  method  of  least  squares),  to  the  angular  clemeota, 
or  from  either  to  any  olber  angles  by  the  application  of  tbe  tangent  priociple  (Art.  47)  to 
tb«  plnacoidal  zones,  and  by  tbe  solution  of  tbe  right-angled  spherical  triangles  given  on 
the  sphere  of  projection. 

Thus  any  face  hicl  (see  p.  28)  lies  in  tbe  three  plnacoidal  zones,  100  and  Okl,  010  and  hOI, 
001  and  hIcO.  For  example,  the  poslIioD  of  the  face,  321.  is  Qxed  K  tbe  positions  of  two  of 
ti»  poles,  801,  031,  820,  are  known.     Tbeae  last  are  given,  respectively,  by  the  equations 

tan  (001  A  801)  =  8  X  Un  (001  a  101),    tan  (001  a  031)  =  2  X  tan  (001  A  Oil), 
Un  (100  A  830)  =  f  X  tan  (100  A  110). 

171.  Xxanpl*  —Pig.  810  represents  ti  crystal  of  allbnite  from  Japan,  with  the  facespdllj. 
r  (848),  7  (8SS),  etc.    On  this  tbe  following  measured  angles  were  taken  as  fundameoial : 

310.  ^^   (853  A  868)  =  6S°    V  0". 

rn'"  (858  A  853)  =  SB"  SS-  0". 

Hence,  tbe  angles  858  A  010  =  40*  101'  ""d  8S3  A  053  =  87'  30J'  ore  known 
without  calculation.  The  right-angled  spherlcnl  Irinngle*  010  '  053  -  SS3  yields 
tbe  angle  (010  a  OSS)  and  bence  (001  A  063);  also  the  angle  at  010,  whicli  Is 
equal  to  (001  a  101).      But   tan   (001  a  Oil)  =  |  x  Un  (001  a  053).    and 

t«D  (001  A  Oil)  =  i.     Also  since  tan  (001  A  101)  =  -.  the  axial  ratio  Is  tbiis 

known,  and  two  of  the  angular  elements. 

Tbe  third  angular  element  (001  A  110)  can  be  calculated  IndcpeDdently,  for 
the  angle  at  001  in  the  triangle  001-06S-853  Is  equal  to  (010  a  350)  and 
tan(0IOA860)X|  =  (0]OAll0),  the  complement  of  (100  A  110). 

Then  since  Inu  (100  a  110)  =  d,  this  can  be  used  to  check  Ilie  value  of  il 
already  obtained.  Tbe  further  use  of  the  tangent  principle  wiih  llie  occRSlonnl 
aolutlnn  of  a  rlicbt-angled  triangle  will  serve  to  give  any  desired  angle  from  either  lUe 
fundamental  angles  direct,  or  from  tbe  angular  elements. 

Again,  the  symbol  of  any  unknown  face  can  be  readily  calculated  If  two  measured 
Migles  of  tolerable  accuracy  are  at  hand.  For  example,  for  the  face  u,  suppose  the 
measured  angles  to  be 

Stt.  (010  A  hkl)  =  80*  15',    now'  </ikt  A  hkl)  =  51*  83'. 
The  Bohilion  of  the  triangle  b-atOkl  gives  the  angle  (010  a  Oil)  =  16'  25'  SO",  and 
tan  (001  A  Okl)  _  tan  73'  84r  .  _t 

tan  (001  A  Oil) "  Ian  46°  301'      "'«» I"'  -  j  ■ 

*  The  student  in  tbis  as  In  every  similar  case  should  draw  a  spherical  projection  (not 
necessarily  accurately  constructed)  to  show.  If  only  approximately,  the  relative  position  of 
the  faces  present 
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But  the  ratio  ot  k:  I  must  be  rational  and  the  number  derived  agrees  most  closely  with 
10:3. 

Again,  the  angle  (001  a  hOl)  may  now  be  calculated  from  the  same  triangle  and  the 
▼alue  59'  88}'  obtained.    From  this  the  ratio  of  A  to  2  is  derived  since 

tan  (001  A  hOl)  _  tan  59°  88}'  _  _  A 

tan  (001  A  101) ""  tan  45*  48f  ~  T 

This  ratio  is  nearly  equal  to  5 :  8.  and  the  two  values  thus  obtained  eive  the  symbol  5*10*8. 
If,  however,  from  the  triangle  OOl'Okloi),  the  angle  at  001  is  calculated,  the  value  26**  42}' 
is  obtained,  which  is  also  the  angle  (010  a  ^f^)-    From  this  the  ratio hikia  deduced,  since 

tan  (010  A  110)_  tan  45°  12}'  _  k 

tan  (010  A  AA^)""  tan  26°  42}'  -  ^  ^^  -  ^' 

The  value  of  t  is  hence  closely  equal  to  2;    this  combined  with  that  first  obtained 


('-■^) 


gives  the  same  symbol  5*10*8. 


This  symbol  being  more  than  usually  complex  calls  for  fairly  accurate  measurements. 
How  accui-nte  the  symbol  obtained  is  can  best  be  judged  by  comparing  the  measured  angles 
with  those  calculated  from  the  symbol.  For  example,  in  the  given  case  the  calculated  angles 
for  OD  (5  10-3)  are  boo  (010  A  510-3)  =  30°  16'.  0000'  (510-8  A  510-8)  =  51*  35'.  The  correct-, 
ness  of  the  value  deduced  is  further  established  if  it  is  found  that  the  given  face  falls  into 
prominent  zones. 

It  will  be  understood  further  that  the  zonal  relations,  explained  on  pp.  29,  30,  play  an 
Important  part  in  all  calculations.  For  example,  in  Fig.  810,  if  the  symbol  of  r  were  un- 
known, it  could  be  obtained  from  a  single  angle  (as  6r),  since  for  this  zone  A  =  ^ 

179.  Formulas. — Although  it  is  not  often  necessary  to  employ  formulas  in  calculations, 
a  few  are  added  here  for  sake  of  completeness. 

(1)  For  the  distance  between  the  pole  of  any  face  P  (AArQ  and  the  pinacoids  a,  b,  c,  we 
have  in  general : 

CO8.  Pa  =  COS.  (;i« A 100)  =  ;,.^,fX +  /'««•■ 
cos«  P6  =  cos«  (hkl  A  010)  = 


AV-j-A;«a»c«-j-i«a«' 

cos«  Pc  =  cos«  {hkl  A  001)  =  ^v^;fc«^v-f  W 

Here  a  and  c  in  the  formulas  are  the  two  axes  a  and  h, 

(2)  For  the  distance  (PQ)  between  the  poles  of  any  two  faces  (Jikl)  and  {pqr)i 

hpe*  -f-  kqn^c^  -f-  Ira^ 
cos  PQ  =  ^f/^jgi  _|.  A;«a*7^f7^^*]tp^*  +  q'a*c*  -|-  f^«]' 


V.  MONOCLINIC   SYSTEM. 

180.  The  MoNOCLixic  System  includes  all  the  forms  which  are  referred 
to  three  unequal  axes,  having  one  of  their  axial  inclinations  oblique. 

The  axes  are  desi^ated  as  follows:  the  inclined  or  clinodiagonal  axis  is 

{i;  the  orthodiagonal  axis  is  S,  the  vertical  axis  is  d.  The  acute  angle  between 
the  axes  a  and  d  is  represented  by  the  letter  /3;  the  angles  between  a  and  6  and 
S  and  ^  are  right  angles.  See  Fig.  312.  Crystals  are  usually  drawn  with  the 
axis  6  vertical  and  the  axis  a  directed  to  the  front  and  inclined  downward. 
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1.  NORMAL  GROUP  (28).    GYPSUM  TYPE. 

181.  Symmetry. — In  the  normal  group  of  the  monoclinic  system  there  is 
g.-         •  one  plane  of  symmetry  and  one  axis  of  binary 

symmetry  normal  to  it.  The  plane  of  symmetry 
is  always  the  plane  of  the  axes  a  and  i,  and  the 

axis  of  symmetry  coincides  with  the  axis  i,  normal 

to  this  plane.  The  position  of  one  axis  (6)  and 
that  of  the  plane  of  the  other  two  axes  (a  and  i)  is 
thus  fixed  by  the  symmetry;  but  the  latter  axes 
may  occupy  different  positions  in  this  plane.  Fig. 
311  shows  the  typical  spherical  projection,  pro- 
jected on  the  plane  of  symmetry.  Fig.  327  is  the 
projection  of  an  actual  crystal  of  epidote;  here,  as 
IS  usual,  the  plane  of  projection  is  normal  to  the 
prismatic  zone. 

182.  Forms. — The  various  forms*  belonging  to 
this  group,  with  their  symbols,  are  given  in  the  following  table.  As  niore  par- 
ticularly explained  later,  an  orthodome  includes  two  faces  only,  and  a  pyramid 
four  only. 


Miller. 
.(100) 


(010) 


1.  Orthopinacoid  or ) 

rr-pinacoid  ) 

2.  Glinopinacoid  or  ) 

6-pinacoid         ) 

3.  Base  or  (;-pinacoid (001) 

(Unit  prism  (110) 

^'    "J  Orthoprisms (hkO)  h> k 

^  Clinoprisms {hkO)  h<k 

(  (hOl) 

i  Qm) 

6.  Clinodomes (0^*/) 

Unit  pyramids j  W 


5.  Orthodomes 


7.   < 


Orthopyramids.  |  ^^lpi>k 
Clinopyramids .  I  Q^f}h<k 


d:  cob:  coi 

00^  :  t :  00 (i 

00^  :  000  :  (i 

d  :i :  cod 
d  :nh  :  cod 
nd  :o  :  cod 

d  :  CO  0  :m6 
dicoo:  -rnd 

cod  :h  :  mb 

d  :t :  mi 
d  :h  :  —mi 
d  1710  :  mi 
d  :  7ih  :  -mi 
nd  :o  :  mi 
nd  :i  :  -mi 


Naumann. 
00  Poo  or  i-i,  a 

00  P66  or  t-i,  b 

OP  or  0,  c 

00  P  or  /,  m 
00  Pn  or  t-n,  as  (210)  t-3 
00  Pii  or  i'h,  as  (120)  t-2 

—mPob  or— m-l,  as(lOl)  —  l-I 
mPco  or  m-i,  as  (lOl)  l-l 

mPoo  or  m-t,  as  (Oil)  l-t 

—  7wP  or  -m,  as  (111)  —  1 

7wP,  as  (111)  1 

^mPh  or  -m-w,  as  (211)-2-3 

mPn  or  7n-7i,  as  (2ll)  2-S 
—7nPn  or  -w-w,  as  (121)-2-2 

7nP7i  or  m-7\,  as  (121)  2-2 


The  NaainaDQ  symbols  given  above  are  nnalogoiis  to  those  of  the  orthorhombic  system. 
The  long  mark  employed  is  to  be  understood  to  l)e  conventional  only  and  as  referring  to 
the  ortho-axis,  8.  It  does  not  imply  that  this  axis  is  longer  than  the  clino-axis,  a,  though 
this  is  commonly  the  case.  The  inclined  mark  refers  to  the  inclined  axis,  d.  With 
some  authors  these  marks  pass  through  the  P,  instead  of  being  written  over  the  letter  (or 
nnmber)  following. 


♦  On  the  general  use  of  the  terms  pinacoid,  prisms,  domes,  pyramids,  see  pp.  26,  90. 
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183.  Pinacoids.— The  pinacoids  are  the  orthopinacoid,  clinopinacoid,  and 
the  basal  plane. 

The  orthopinacoidy  (100)^  includes  the  two  faces  parallel  to  the  plane  of 

the  ortho-axis,  i  and  the  vertical  axis  6.  They  have  the  ^symbols  100  and  lOO. 
This  form  is  designated  by  the  letter  a^  since  it  is  situated  at  the  extremity  of 
the  h  axis;  it  is  hence  conveniently  called  the  a-pitiacoid. 

The  clinopinacoid,  (010^,  includes  the  two  faces  parallel  tp  the  plane 
of  symmetry;  that  is,  the  plane  of  the  clino-axis  a  and  to  the  axis  i.  They 
have  the  symbols  010  and  OlO.  The  clinopinacoid  is  designated  by  the  letter  b, 
and  is  called  the  b-pinacoid. 

The  base  or  basal  pinacoid,  (001),  includes  the  two  terminal  faces,  above 

and  below,  parallel  to  the  plane  of  the  lateral  axes  a,  t;  they  have  the 
symbols  001  and  OOl.  The  base  is  designated  by  the  letter  c,  and  is  often 
called  the  opinacoid.  It  is  obviously  inclined  to  the  orthopinacoid,  and  the 
normal  angle  between  the  two  faces  (100  a  001)  is  the  acute  axial  angle  p. 

The  diametral  prism,  formed  by  these  three  pinacoids,  taken  together. 
Fig.  312,  is  the  analogue  of  the  cube  in  the  isometric  system.  It  is  bounded 
by  three  sets  of  unlike  faces;  it  has  four  similar  vertical  edges;  also  four 
lateral  similar  edges  parallel  to  the  axis  a,  but  the  remaining  edges,  parallel 
to  the  axis  h,  are  only  similar  two-and-two.  Of  its  eight  solid  angles  there  are 
two  sets  of  four  each;  the  two  above  in  front  are  similar  to  those  below  behind, 
and  the  two  below  in  front  to  those  behind  above. 

184.  Prisms. — The  prisms  are  all  of  one  type,  the  oblique  rhombic  prism. 
They  include  the  unit  prism,  (110),  designated  by  the  letter  ?n,  shown  in 
Fig.  313;  also  the  orthoprisms,  (hkO)  where  h  >  k,  lying  between  « (100) 
and  m  (110),  and  the  clinoprisms,  (hkO)  where  h  <  k,  lying  between  m  (110) 
and  b  (010).  The  orthoprisms  and  clinoprisms  correspond  respectively  to  the 
raacroprisms  and  brachyprisms  of  the  ortnorhombic  system,  and  the  explana- 
tion on  p.  91  will  hence  make  their  relation  clear.  Common  cases  of  these 
prisms  are  shown  in  the  figures  given  later. 
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185.  Orthodomes. — The  four  faces  parallel  to  the  ortho-axis  t,  and  meeting 
the  other  two  axes,  fall  into  two  sets  of  two  each,  having  the  general  symbols 
{hOl)  and  iJiOl).  These  forms  are  called  orthodomes,  they  are  strictly  hemi- 
orthodomes.  For  example,  the  unit  orthodome  (101)  has  the  faces  101  and 
101;  they  would  replace  the  two  obtuse  edges  between  a  (100)  and  c  (001)  in 
Fig.  312.  The  other  unit  orthodome  (lOl)  has  the  faces  lOl  and  lOl,  and 
they  would  replace  the  acute  edges  between  a  and  c.  These  two  independent 
forms  are  shown  together,  with  b  (010),  in  Fig.  314. 
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Similarly  the  faces  201,  Sol  belong  to  the  form  (201),  and  SOl,  201  to  the 
indepeudent  bnt  complementary  form  (SOl). 

.  „  n  the  obluse  edge  betneen  them,  are  dls- 

Uuguuhed  by  the  mJous  sigu  (—  1-i  ~  101,  etc.),  wUlle  those  L«tween  the  base  and  the 
ort£opliiacoid  behiuil  are  called  p)us*  (-f  1-i  =  101);  the  +  sigii.  liowefer,  ie  UBuallj 
omitted.     The  two  aets  of  Lumi-pyrHmida  (see  beyoml)  ure  similarly  dEslleguiahed. 

186.  Clinodomei. — The  cUnodomes  are  the  forma  whoso  faces  are  parallel 
to  the  inclined  axia,  a,  while  interaecting  the  othor  two  uzee.  Their  general 
symbol  ia  hence  (0/cl)  and  they  lie  between  the  hose  (001)  and  the  cliDopinacoid 
(010).  Each  form  hag  four  faces;  thus  for  tlie  unit  clinodonie  these  have  the 
•ymbolB,  Oil,  Oil,  OTI,  OlT.     The  form  «  (Oiil)  in  Fig.  321  is  a  clinodonie. 

1S7.  PynunidB. — The  pyramids  in  the  monoclinic  system  are  all  hemi* 
pyramids,  embracing  four  faces  only  in  each  form,  corresponding  to  the  gen- 
eral symbol  (hkl),  Thia  obvionaly  follows  from  the  symmetry;  it  is  shown, 
for  example,  in  the  fact  already  stated  that  the  solid  angles  of  the  diametral 
priam  (Fig.  312,  see  above),  wliicli  are  replaced  by  these  pyramids,  fall  into 
two  sets  of  four  each.  Thns  any  general  symbol,  as  (321),  Includes  the  tvo 
independent  forms  (331)  and  (321)  with  the  faces 


321, 


33 1, 


521, 


3SI, 


and 


321, 


531, 


351. 


The  pyramids  may  be  unit  pyramids,  (AAH,  orthopyramids,  ijikl)  when 
A  >  jfc,  or  clinopyramids,  (hkl)  when  h  <  k.  These  correspond  respectively 
to  the  three  prisms  already  named.  They  are  analogous  also  to  the  unit 
pyramids,  macropyramids  and  brachypyramida  of  the  orthorhombic  system, 
«nd  the  explanation  given  on  pp.  01,  02  should  serve  to  make  their  relations 
clear.  But  it  must  oe  rememoered  that  each  general  symbol  ei£ braces  two 
forms,  (hht)  and  (hkl)  with  four  faces  each,  as  above  explained. 


/v\ 


188.  ninrtrationi.— Figs.  315-318  of  pyroxene  ((hSit!  =  1-092: 1:0-589, 
p  =  74°  =  oc)  show  typical  monoclinic  forms.     Fig.  315  shows  the  diametral 

•This  choice  of  signs  by  Naumaiin  was  nnfortunate,  being  contrary  to  ordinary  \wagfi: 
It  Is,  however,  too  geDerally  nccepted  to  admit  at  being  reversed.  He  was  led  to  adopt  It 
becaasethelutemaTangieoftlie  upper  front  edge  between  001  and  100  is  obtiue  anil  hence 
tbe  ootlue  («.;.  in  the  general  cosine  formula  for  the  angle  betweeu  two  faces)  is  negaUve. 
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SriBin.  Of  the  other  forma,  m  ia  the  unit  prism  (110) ;  p  (lOl)  is  an  ortho- 
ome;  u  (111),  v  (331),  a  (111)  are  unit  pyramids;  for  other  figures  see 
p.  387.  Again,  Figs.  319-321  represent  common  crystals  of  ortboclaae 
{i:i:i  =:  0-659 : 1 : 0-555,  /3  =  64"  =  ae).  Here  *  (130)  is  a  cUnoprism ; 
:);(ioi)  and  y  (30I)  are  orthodomes;  fl  (021)  is  a  clinodome;  o(!ll)  a  nnit 
pyramid.  Since  (Fig.  319)  c  and  x  happen  to  make  Qcarlv  equal  angles  with 
the  vertical  edge  ol  the  prism  m,  the  combiDation  often  stimulates  an 
ortborhombio  crystal. 


Fig.  322  shows  a  monoclinic  crystal,  epidote,  prismatic  in  the  direction  of 
the  ortho-axis;  tbe  forms  are  r  (lOl)  and  n  (111).  Fig,  323  of  gypsum  is 
flattened  |  b;  it  shows  the  unit  pyramid  /  (111)  with  the  unit  prism  m  (1101. 
Fig.  324  of  monazite  is  prismatic  in  habit  by  extension  of  tbe  pyramid  v  (111). 
It  shows  also  the  orthodome  ifr(lOl);  the  clinodome  e(Oll);  the  pyramids 
r(Ill),  it{121),  j(3ll),i(3ll). 


^ 


169.  Projections. — Fig.  325  shows  a  projection  of  a  crystal  of  epidote 
(cf.  Fig.  853,  p.  438)  on  a  plane  iiormul  to  the  prismatic  zone,  and  Fig.  336 
one  of  a  similar  crystal  on  a  plane  parallel  to  b  (010);  botli  should  be  carefully 
studied,  as  also  tbe  aplierical  projection  of  the  same  species,  Fig.  337.  The 
symbols  of  the  prominent  faces  are  given  in  Fig.  327. 
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2.  HEMIMOBPHIC  GROUP  (29). 

190.  The  monoclinic-hemimorphic  group  is  characterized  by  a  single  axis 

of  binary  symmetry,  the  crystallographic  axis  i,  but  it  has  no  plane  of  sym- 
metry. It  is  illustrated  by  the  spherical  projection  (Fig.  328);  also  by 
Fig.  329,  a  common  form  of  tartaric  acid;  sugar  crystals  also  belong  here* 
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Tartaric  Acid. 
Forms:  r  (101).  ^  (101),  y(Oll). 


The  hemimorphic  character  is  distinctly  shown  in  the  distribution  of  the 
clinodomes  and  pyramids;  corresponding  to  this  the  artificial  salts  belonging 
here  often  exhibit  marked  pyro-electrical  phenomena. 
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3.   CLINOriEDRAL   GROUP  (30).     CLINOHEURITE   TYPE. 

191.  The  moiioclinic-clhioUedral  group  (tho  dotnatic  claas  of  Grctli) 
is  characterized  by  a  single  plane  of  symmetry,  parallel  to  the  cliiio- 
ptnacoid,  b  (OIU),  but  it  has  no  axis  of  Bvmmetry  (cf.  Fig.  330).  In  this 
group,  therefore,  the  forms  parallel  to  the  o-aiie,  viz.,  c  (001),  a  (100)  and  the 
orthodomes,  are  represented  by  a  single  face  only.  The  other  forma  havii  each 
two  faces,  but  it  la  to  be  noted  that,  with  the  single  exception  of  the  clino- 
iiinucoid  b  (010),  tlie  faces  of  a  given  form  are  never  parallel  to  another. 
The  name  given  to  the  group  is  based  on  this  fact. 

Several  artificial  salts  belong  here  in  their  crystallization,  but  the  only 
known  representative  among  minerals  is  the  rare  silicate,  clinohedrite 
(HjCaZnSiO,),*  a  complex  crystal  of  which  is  shown  in  two  positions  in  Figs. 
331,  33  lo.  As  seen  in  these  figures,  tho  crystals  of  the  group  have  a  hemi- 
morphic  aspect  with  respect  to  their  development  in  tlie  direction  of  tho 
vertical  axis,  although  they  cannot  properly  be  called  hemimorphic  since  this 
is  not  an  axis  of  symmetry.  Tho  forms  shown  in  Figs-  331,  331a  are  as 
follows:  pinacoid,  b  (010);  prisms,  m  (UO),  m,  (IlO),  h  (320),  n  (ISO),  /  (130); 
orthodomes,  e  (101),  e,  (lol);  pyramids,  p  (HI),  p,  (III),  q  (111);  J' (331), 
s,  (551),  t  (?T1),  w  (531),  0  (131),  X  (I3i),  y  (l2l). 

331a. 


It  is  to  be  noted  that  crystals  of  the  common  species  pyroxene  (;i].-!0  of 
Bsgirite  and  titanite)  occasionally  show  this  habit  in  tho  distribution  of  ilieir 
faces,  but  it  is  not  certain  that  this  may  not  be  aocidental.f 

Mathematical  Relations  ok  the  Monoclinic  Svbtem. 

192.  Choioa  of  AxM.— It  is  repejiled  here  (Art.  181),  tbftt  the  fixed  jiositioD  of  tlie  plnoe 
of  symiiieny  estnblislies  the  direclioD  of  [be  axis  b  aud  Ilic  plane  of  the  axes  d  mid  i.  The 
latter  axes,  liowever,  mny  have  vavyiog  positlous  tti  lliis  plane  iiccoriling  as  lo  wlilch  faces 
ure  taken  iis  the  pitiacofds  a  and  e,  niid  which  the  uiflt  pyramid,  prism,  or  domes. 

198.  Axial  and  AnpiUff  Elemonti— Tlie  axial  elemtiiU  are  the  kagt/u  of  llio  axM  h  and  i 
lo  terms  of  the  uuil  iixia  5.  ihat  is,  llie  axial  latfo,  with  also  the  acute  angle  of  iDclinatloD 
of  the  axes  (i  and  i,  called  p.     Thus  for  orlLoclase  the  asiat  elements  are  : 


■S:i  = 


:  0-5534     fi  =  83*  661'. 
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The  angular  elements  are  usiinlly  taken  as  the  angle  (100  a  001)  wliich  is  equal  to  the  angle 
li\  also  the  angles  between  the  three  pinacoids  100,  010,  001,  respectively ,  and  the  unit 
prism  110,  the  unit  orthodome  (101  or  101)  and  the  unit  cliuodome  Oil.  Thus  again  for 
onhoclase,  the  angular  elements  are  : 

001  A  100  =  68^  56}',     100  A  110  =  SO'*  86 J'. 
001  A  101  =  50'  16i',     001  A  Oil  =  26'  81'. 

194.  The  mathematical  relations  connecting  axial  and  angular  elements  are  as  follows: 

d  =  ^°  (100  A  110)        ^^       tan  (100  A  110)  =  d.  sin /J;  (1) 

Sin  p 

^  ^  taMOOlAOU)        ^^        tan(OOlA011)  =  i.8lD/J;  (2) 

sin  p 

.  d .  tan  (001  A  101)  ,      ,^.    ^   ,^,,  <isin/?  . 

*  =  1 — a 1*—. — iKF:r- — iT^x    or    tan  (001  a  101)  =  >   ,    i -^,   I 

sin  ft  —  cos  fi .  lau  (001  A  101)  a  -f-  d .  cos  /5     j 

.  d .  tan  (001  A  101)  ,      ,^,       r^..  <i  sin /?  l'    ^^^ 

«  =   i    /?   ■ /v   ♦      /AA1       tttTx    or    tan  (001  A  101)  =  ^r r — - — ^, 

sin/S  +  cos)C^.  tan  (001  A  iOl)  '      d^e.cosfl 

These  relations  may  be  made  more  general  by  writing  in  the  several  cases — 

in(l)    AAOforllO     and    -^^ford;  in  (2)    OA;/ for  Oil    and    yiifori; 

ft  V 

in  (8)    AOMorlOO    and    -.(ifori. 

» 

^  __  sin  (001  A  101)  __  sin  (001  a  lOl) 
d  ~~  sin  (100  A  101)  ""  sin  (100  a  lOl)* 
and  more  generally 

^     i  _-  sJD  (001   A  hOl)  __  sin  (001  A  hO£) 
d   '  I  ~  sin  (100  A  hOl)  -  sin  (100  a  m) 
Note  also  that 

tan  0  =  d       and        tan  C  =  ^; 

where  0  is  the  angle  (Fig.  827)  between  the  zone-circles  (001, 100)  and  (001,  110);  also  C  the 
angle  between  (100,  001)  and  (100,  Oil). 

All  the  above  relations  are  important  and  should  be  thoroughly  understood. 

196.  The  problems  which  usually  arise  have  as  their  object  either  the  deducing  of  the 
axial  elements,  the  angle  p  and  the  values  of  a  and  h  in  terms  of  o  (=1),  from  three 
measured  angles,  or  the  finding  of  any  required  interfaciul  angles  from  these  elements  or 
from  the  fundamental  angles. 

The  simple  relations  of  the  preceding  article  connect  the  angular  and  axial  elements, 
and  beyond  this  all  ordinary  problems  can  be  solved*  either  by  the  solution  of  spherical 
triangles  on  the  sphere  of  projection,  or  by  the  aid  of  the  cotangent  (and  tangent)  relation. 

It  is  to  be  noted,  in  the  first  place,  that  all  great  circles  on  the  sphere  of  projection  (P'ig. 
827)  from  010  cut  the  zone  circle  100,  001,  100  at  right  angles,  but  those  from  100  cut  the 
zone  circles  010,  001,  010  obliquely,  as  also  those  from  001  cutting  the  zone  circle  100,  010, 

ioo. 

196.  Tangent  and  Cotangent  Selations. — The  s\m])\ii Jan  gent  relation  holds  good  for  all 
zones  from  010  to  any  pole  on  the  zone  circle  100,  001,  100;  in  other  words,  for  the  prisms. 
clinodomes.  and  zones  of  pyramids  in  which  the  ratio  oi  h\l  is  constant  (from  001  to  liQl  or 

to  hQt).    Thus  it  is  still  true,  as  in  the  orthorhombic  system,  that  the  tangents  of  the  angles 


Also 


*  The  general  formulas,  from  which  it  is  possible  to  calculate  directly  the  angles  between 
any  face  and  the  pinacoids,  or  the  angle  between  any  two  faces  whatever,  are  so  complex 
as  to  l)e  of  little  value. 
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of  the  prisms  210.  110,  120,  180  from  100  are  in  the  ratio  of  i  :  1 :  2 : 3,  or,  more  generally^ 
that 

tauJ100_AA*0)__*  tan  (010  A^AK))_A 

tan  (100  A  110)  ""A       ^'      tan  (010  A  HO)""  ** 

» 

Also  for  the  cliuodomes  the  tangents  of  the  angles  of  012,  Oil.  021  from  001  are  in  the 
ratio  of  1 : 1  : 2,  etc.  A  similar  relation  holds  for  the  tangents  of  the  angles  of  pyramids  in 
the  zones  mentioned,  as  121,  111,  212,  etc. 

For  zones  other  than  those  mentioned  in  the  preceding  article,  as  from  100  to  a  clino- 
dome,  or  from  001  to  a  prism,  the  more  general  cotangent  formula  given  in  Art  47  must  be 
employed.    This  relation  is  simplified  for  certain  common  cases. 

For  any  zone  starting  from  001,  as  the  zone  001, 100,  or  001, 110,  or  001,  210,  etc.;  if  two 
ancles  are  known,  viz.,  the  angles  between  001  and  those  two  faces  in  the  given  zone  which 
fall  (1)  in  the  zone  010,  101,  and  (2)  in  the  prismatic  zone  010,  100;  then  the  angle  between 
001  and  any  other  face  in  the  given  zone  can  be  calculated. 

Thus, 

Let  001  A  101  =  PQ  and  001  a  100  =  PR, 
or  ••  00lAlll  =  PQ  '*  001  A  110  =  PR, 
or    "  001  A  212  =  PQ        *'        001  A  210  =  PR,  etc. 

Then  for  these,  or  any  similar  cases,  the  angle  (PS)  between  001  and  any  face  in  the  given 
zone  (as  201,  or  221,  or  421,  etc.,  or  in  general  AO^,  fihl,  etc.)  is  given  by  the  equation 

cot  PS  -cot  PR_  I 
cotPQ-cot  PR~A* 

For  the  corresponding  zones  from  001  to  lOO,  to  IlO,  to  210,  etc.,  the  expression  has  the 
same  value ;  but  here 

PQ  =  001  A  101.     PR  =  001  A  100,     PS  =  001  A  hOl, 
or  001  A  ill,  etc.,      001  A  i  10,  etc.,       001  A  AA^  etc. 

If,  however,  100  is  the  starting-point,  and 

100  A  101  =  PQ,        100  A  001  =  PR, 

or  100  A  111  =  PQ,        100  A  Oil  =  PR.  etc., 

then  the  relation  becomes 

cot  PS  -cot  PR_A 
cot  PQ-  cot  PR~"  r 


VI.  TRICLINIC  SYSTEM. 

197.  The  Triclinic  System  includes  all  the  forms  which  are  referred  to 
three  unequal  axes  with  all  their  intersections  oblique. 

The  axes  are  here  designated  as  in  the  orthorhombic  system,  the  letters 

used  for  the  lateral  axes  a,  I  (or  a,  b),  having  a  short  or  long  mark  over  them 
to  indicate  which  is  the  shorter  and  which  the  longer  axis.  In  the  majority 
of  cases,  a  is  the  brachy-axis  and  h  the  macro- axis.     But  this  is  not  invariably 

true;  thus  with  rhodonite  the  ratio  of  rZ  :  ?  =  1-073  :  1.  The  vertical  axis  is 
always  designated  by  6.  The  angle  between  the  axes  b  and  ^  is  called  a,  that 
between  a  and  6  is  /5,  and  that  between  a  and  b  is  y  (Fig.  333). 

It  is  to  be  noted  that  there  is  no  necessary  relation  between  the  values  of 
a,  /3y  and  y,  any  one  may  be  greater  or  less  than  90°;  this  is  determined  by  the 
choice  of  the  fundamental  forms. 
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1.  NOEMAL  GEOUP  (31).    AXINITE  TYPE. 

198.  Symmetry. — The  normal  group  of  the  triclinic  system  is  characterized 
by  a  center  of  symmetry,  the  point  of  intersection  of  the  three  axes,  but  there 


/ 


/ 


/• 


/ 


is  no  plane  and  no  axis  of  symmetry.*  This  sym- 
metryls  shown  in  the  accompanying  spherical  pro- 
jection  (Fig.  332). 

199.  Forms. — Each  form  of  the  group  includes 
two  faces,  parallel  to  one  another  and  symmetrical 
with  reference  to  the  center  of  symmetry.     This  is 
true  as  well  of  the  form  with  the  general  symbol     / 
(hkl)  as  of  one  of  the  special  forms,  as,  for  example,    • 
the  o-pinacoid  (100).  \ 

Hence,  as  shown  in  the  following  table,  the  four  ^\ 
prismatic  faces  110,  IlO,  IIO,  lIO  include  two  forms, 
namely,  110,  lIO,  and  110,  llo.  The  same  is  true 
of  the  domes.  Further,  any  eight  corresponding 
pyramidal  faces,  as,  for  example.  111,  111,  ill,  ill, 
111,  III,  III,  III  belong  to  four  distinct  forms,  namely,  111,  III;  111,  ill; 
III,  111;  111,  III,  and  similarly  in  general. 

The  various  types  of  forms  are  given  in  the  following  table: 

Miller. 

Macropinacoid  or  )  HOO^ 

n-pinacoid  J ^      ^ 

Brachypinacoid  or  }  fOlO^ 

J-pinacoid  ) ^       ' 

Base  or  c-pinacoid (001) 

Unit  prism -j  /iTq{ 

Macroprisms  )  j  {IikO) 


1" 


h  >  k 


\ 


Macrodomes 


\ 


Brachydomes 


( (A^O) 
Brachyprisms  )  j  {hkO) 

I  {hkO) 

{  {hOl) 
i  (hOl) 
j  (Okl) 

i  {oh) 

(hhl) 
(hhl) 
(hhl) 
(hhl) 
\hkl) 
(hkl) 
(hkl) 
(hkl) 


Unit  pyramids 


Macropyramidsf 
h  >  k 


\ 


£  :  00  S  :  GO  (( 

Qo/{  :  S  :  G0(( 

00  ^  :  00  J  :  (5 

dill  00(5 
d  :  —1 :  00(5 

d  :nh  :  co6 

a  :  —  m5  :  00  (5 

nd  :i  :  (Xid 

wdf :  5  :  00  (5 

ooh  :m6 

00  a  :  5  :  m(5 
00  (?  :  —  }  :  m(5 
b  :  mc 
:  b  :  mc 
—  b  :mc 
—  b  :  mc 
:  7ih  :  mi 
nl  :  mi 
—  d  :  —  nh  :  mi 
d  :  ^  nh  :mi 


a 
—  a 


a  : 
—  a 

—  a  : 

a  : 

%/ 
a 

—  a 


NaiimaDD. 
00  Poo  or  t-r,  a 

00  P  <»  or  i'i,  k 

OP  or  0,  c 

00  P'  or  r,  m 
00  'P  or  '/,  M 

00  P'h  or  i-h' 

00  'Ph  or  'i'li 

00  Pn  or  i-n 

00  Pn  or  t-n 

m'P'ob  or  'w-i' 

m^P^^  or  ^w-i' 

wiPco '  or  m-i 

'mPoo  or  in-t 

mP'  or  m' 

m^  P  or  ^wt 

mP^  or  m^ 

m' P  or  'm 

mP'n  or  m-n^ 

m^Pn  or  ^m-n 

mP/Ti  or  m-n^ 


m^Pn  or  7W-7» 


•  On  the  other  method  of  viewing  the  symmetry  here  described,  see  Art.  17,  p.  10. 

t  In  the  above  table  it  is  assumed  that  the  axial  ratio  isd:d:i.  If  it  were  a  :b:^,  the 
names  brachy-  and  macro-  would  be  exchanged,  and  also  the  long  and  short  marks  in  the 
Kaumann  symbols.  The  use  of  accents  to  distinguish  prisms,  domes,  and  pyramids  accord* 
log  to  their  position  is  to  be  noted. 
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Brachypyramids  ) 
A  <  A  i 


f  ('■«) 
1  (4*0 


»rif; 


:<n^ 

mP'n  or  »i- 

l:,ni 

,a,Pr.  or  ,,» 

-l:mi 

mZ-.i  or  m- 

l:,lli 

m'i'h  or  'm 

800.    The  ejplanatioiiB  given  under  the  two  preceding  aystema  make  it 
luiiiecessury  to  uiscuss   in  (ietaii  the  various  forma  iiidividuhlly,  except  as 
333.  illnacrated  in  the  case  of  crystals  belonging  to  certain 

tjpicHl  triclinic  species. 

It  may  be  mentioned,  bowefer,  that  Fig.  333  shows 
the  diametral  prism,  which  is  bounded  by  three  sets  of 
unlike  faces,  the  pinacoids  a,  b,  and  c.  This  is  the' 
analogue  of  the  cube  of  the  isometric  system,  but  here 
the  liKe  faces,  edges,  and  solid  angles  include  only  a 


201.   Illnstrations.— A   typical    triclinic   crystal  is 

shown  in  Fig,  334  of  aiinite,  already  introduced. _  Here 

a  (KO)  is  the  macropinacoid;  m  (110)  and  jtf  (110)  the 

two  unit  prisms;  s  (201)  a  macrodome,  and  x  (111)  and 

r  (ill)  two  unit  pyramids.   The  axial  ratio  is  as  follows: 

d:h:i^  0-49  :  1  :  0-48,  a  =  82"  54',  /3  =  91°  52',  y  =  131°  33'. 

Figs.  335,  336  show  two  cryatals  of  rhodonite,  a  species  which  is  allied  to 

pyroxene,  and  which  approximates  to  it  in  angle  and  babit.     Here  tbe  faces 

334.  336.  336. 


are:  Pinacoids  rt  (lOO),  5  (010),  c  (001);   prisms  m  (110),  Jf  (l!0);   pyramids 
y  (231).  X:(321),  h(5S1),  r{lll). 

Further  illnstrations  are  given  by  Fig.  337  of  alMte  and  Fig.  338  of  anor- 
*  thite.  Tiie  symbols  of  the  faces,  337.  338. 

besides  the  pinacoids  and  the 
unit  prisms, ureas  follows:  Fig, 
337,  X  (lOl);  Fig.  338,  prisms 
/(130),  2  (130);  domes  ((307), 
y  (501),  e(021),r(06]),M(o3l); 
pyramids  m  (111),  a  (ill), 
o  (III),  p  (511).  In  Fig.  338 
of  anorthite  the  similarity  of 
the  crystal  to  one  of  orthoclase 
is  evident  on  slight  examination 
(cf.  Figs.  319,  330),  and  careful 
itndy  with  the  measurement  of  angles  shows  that  the  correspondence  is  very 
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close.     Hence  in  this  case  the  choice  of  the  fundamental  planes  is  readily 
made. 

Fig.  339  represents  a  crystal  (artificial)  of  blue  vitriol,  the  mineral  chal- 

339.  340. 

no  ..« 


339a. 


0106 


canthite;  Fi^.  339a  gives  a  projection  on  a  zone  normal  to  the  prisms,  and 
Fijg.  340  a  spherical  projection.  The  last  figure  also  shows  the  symbols  of  the 
dinerent  faces. 


2.  ASYMMETEIC  GEOUP  (32). 
202.  Besides  the  normal  group  of  the  triclinic  system  there  is  another 


possible  group,  possessing  symmetry  neither  with 
respect  to  a  plane,  axis  nor  center;  in  it  a  given 
form  has  one  face  only.  This  group,  the  asyvi- 
metric  class  of  Oroth,  finds  examples  among  a 
number  of  artificial  salts.  One  of  these  is  calcium 
thiosulphate  (CaS.O,.  6H  0);  as  yet  no  mineral 
species  is  known  to  be  included  here.  This  is  the 
most  general  of  all  the  thirty-two  types  of  forms 
classified  according  to  their  symmetry  and  comes 
first,  therefore,  if  the  groups  are  arranged  in  order 
according  to  the  degree  of  symmetry  characterizing 
them.  This  group  is  one  of  those  wliose  crystals 
may  show  circular  polarization.  This  is  true  of 
eleven  of  the  groups  which  have  been  described  in 
the  preceding  pages. 


341. 


/ 


/ 


I 


I 


Mathematical  Relations  of  the  Triclinic  Ststbm. 

803.  Choice  of  Axes.— It  is  obvious,  from  wbat  has  been  said  as  to  tbe  symraetrv  of  this 
system,  that  any  three  faces  of  a  triclinic  crystal  may  be  chosen  as  the  pinacoids,  or  the 
faces  which  fix  the  position  of  the  axial  planes  and  the  directions  of  the  axes;  moreover, 
there  is  a  like  liberty  in  the  choice  of  the  unit  prisms,  domes  or  pyramids  which  further  fir 
tbe  lengths  of  the  axes. 
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When  the  crystal  in  band  is  allied  in  form  or  compositioa  to  other  species  whether  of 
the  stiine  or  diilereut  systems,  this  fact  simplifies  the  problem  and  makes  tbe  choice  of  the 
f  uiidiiinenial  forms  easy.  This  is  well  illustrated,  as  already  uoted,  by  tbe  triclinic  feldspars 
<e.g..  albite  and  auortbite,  Figs.  8S57,  888;  which  are  uear  iu  augle  to  tbe  allied  monoclinic 
«pecie8  ortboclase.  Khodonite  (Figs.  880,  886),  the  iricliuic  member  of  tiic  [))n>XLUo 
group,  is  auother  good  example. 

Ill  other  cahes.  where  uo  such  relationship  exists,  and  where  varied  babit  uiakts 
different  oiifutaiiuus  plausible,  there  is  but  little  to  guide  the  choice.  Tiiis  is  illustrated 
iu  tbe  ca>e  ot  axiuiie  (Fig.  884),  where  at  least  ten  distinct  positions  have  been  assumed  by 
different  autiior^. 

204.  Axial  and  Angalar  Elements. —The  axiiil  elements  of  a  triclinic  crystal  are:  (1)  the 

axial  ratio,  which  expresi»es  tbe  lengths  of  the  axes  a  and  h  iu  terms  of  the  third  axis.  b\ 

^md  (2)  the  angles  between  the  axes  a,  (S,  y  (Fig.  838).     There  are  here  five  quantities  to   bf 

determined  which  obviously  require  the  measurement  of  five  independent  angles  between 

the  faces. 

The  angular  elements  are  usually  taken  as  the  angles  between  the  piuacoids  and,  in 
addition,  those  between  each  pinacoid  and  the  unit  face  lying  in  the  zone  of  the  other 
piuacoids;  that  is, 

ab,     100  A  010,    ac,     100  A  001,    6c,     010  A  001; 
also 

am    100  A  110,  001  A  101,  001  A  Oil; 

or,  instead,  any  one  or  all  of  these, 

aM,     100  A  110,  001  A  101.  001  A  Oil. 

Of  these  six  angles  taken,  one  is  determined  when  tbe  others  are  known. 

805.  Tbe  mathematical  relations  existing  between  tbe  axial  angles  and  axial  ratio,  on  the 
one  hand,  and  the  angles  between  the  faces  on  the  other,  admit  of  being  di-awn  out  with 
great  completeness,  but  they  are  necessarily  complex  and  in  general  have  little  practical 
value.  In  fact,  most  of  the  problems  likely  to  arise  can  be  solved  b}'  means  of  the  triangles 
of  the  spherical  projection,  together  with  the  cotangent  formula  connecting  four  planes  in 
the  same  zone  (Art.  47,  p.  81);  this  will  often  be  laborious  and  may  require  some  ingenuity, 
but  in  general  involves  no  serious  difficulty.  In  connection  with  tbe  use  of  the  cotangent 
formula,  it  is  to  be  noted  that  in  certain  commonly  occurring  cases  its  form  is  much 
simplified;  some  of  these  have  already  been  explained  under  the  monoclinic  system 
(Art.  196).     Tbe  formulas  given  there  are  of  course  equally  applicable  here. 

206.  The  first  problem  may  be  to  find  the  axial  elements  from  measured  angles.  Since 
these  elements  include  five  unknown  quantities,  viz.,  tbe  three  axial  angles  a,  fi,  y  and 
the  lengths  of  tbe  axes  a  and  h  in  terms  of  h,  five  measured  angles  are  required,  as  already 
stated. 

These  angles,  by  use  of  three  or  more  spherical  triangles,  will  serve  to  give  the  angles  (see 
Fig.  340)  n,  p,  //,  v,  r,  cr(or  tbe  corresponding  angles  ic',  p\  etc.,  in  the  adjacent  quadrants). 
Tbe  ratio  of  tbe  sines  of  each  pair  of  these  angles  fixes  the  ratios  of  the  corresponding  axes 
(see*below).  Tbe  full  axial  ratio  may  be  obtained  from  any  two  pairs  and  the  third  ratio 
serves  as  a  check  upon  the  results  given  by  the  other  two. 

The  simple  formulas  required  are  : 

sin  r  _  sin  r'  _  a       sin  v  _  sin  v*  ^  h      sin  jt  __  sin  ^r*  _  ^ 
sin  cr  ~  sin  o^       6  *     sin  //  ~  sin  //'  ""  o '     sin  p      sin  p'        h ' 

If  the  corresponding  angles  for  tbe  general  case  are  given  (not  those  of  the  unit  zones  .  tl 
relations  are  similar.     That  is,  if  for  the  face  hkl  tbe  corresponding  angles  be  represeiite« 
by  To,  (To,  etc.,  where  r©,  cto  are  the  angles  between  the  zone  circles  100,  001  and  100   (  'C 
Tespectlvely  and   tbe  zone  circle  001.   MO  (and   similarly   for  r©,  Co    in   the  adjiuei 
quadrant,  also  similarly  vo,  //o,  etc.),  these  relations  may  be  expressed  in  the  general  form 

sin  r©  __  sin  To'  _    a    __k    a 
sin  Co  ~  sin  <To'  "~  A     ""  h  '  b* 


and  similarly  for     —. ^,  etc. 

^  sin  iJt9 
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ThuB  for  the  face  821  the  formulas  become 

sin  r,  _  o  __  2  n      sin  v,  __  8i     sin  7r»  __  2S 
Bin  a»  ~  J6  ""  8  6*     sin  //©  ~  a  *    sin  /^io       ^ ' 

It  is  also  to  be  noted  that 

a  =  180"  -  -4,        /J  =  ISC'*  -  5,        r  =  180'  -  C. 

where  J.,  -R  (7  are  the  angles  in  the  pinacoidal  spherical  triangle  lOOOlO'OOl  at  these 
poles  respectively.    That  is, 

^  =  jrf/o  =  jro  +  /Oo  =  (180"  -  a); 
B=v-f/^  =  »'o  +  /^o  =  (180'  -  /?); 

C  =  r4-<T=ro  +  <T«  =  (180'  -  r). 

Also 

180*  -  -4  =  TT*  +  p'  =  ;ro'  +  Po'  =  a. 

Hence,  having  given,  by  measurement  or  calculation,  the  angles  between  the  faces 
4»b  (100  A  010),  ac  (100  A  001)  nnd  be  (010  A  001),  which  are  the  sides  of  this  triangle. 
the  angles  A,  B,  C  are  calculated  nnd  their  supplements  are  the  axial  angles  a,  p,  y 
respectively. 

Still  another  series  of  equations  are  those  below,  which  give  the  relations  of  the  angles 
/I,  V,  p,  etc.,  to  the  axes  and  axial  angles.  By  means  of  them,  with  the  sine  formulas 
given  above,  the  angular  elements  (and  other  angles)  can  be  calculated  from  the  axial 
elements. 

a  sin  /9         ^                  e  sin  fi 
tan  //  =  — ,  •,    tan  v  =  — -^. 

e-\-  a  cos  fS  a-^  e  cos  p 

6  sin  a  e  sin  a 

tan  p  =  — 7—^ ;    tan  tc  = 


c  -\-  b  cos  a  b  -{-  e  cos  a 


tan 


a  sin  V 
r  =  T—, — '.    tan  o-  = 


b  sin  y 


b-\-  a  cos  y'  a-\-  b  cos  y' 


These  equations  apply  when  m  +  y*  etc.,  is  less  than  90*;  if  their  sum  is  greater  than 
W  the  rign  in  the  denominator  is  negative. 

907.  The  following  equations  are  also  often  useful;  they  give  the  relations  between  the 
Angles  a,  ff,  y,  and  the  angles  /i,  v,  etc.,  already  defined. 

2  sin  p  sin  p'       2  sin  n  sin  ie' 
tan  a  = 


tan  /5  = 


sin  (p  —  p')        sin  {n  —  re*)  ' 

2  sin  //  sin  u'  _  2  sin  v  sin  v' 
sin  (/i  —  //')  ~  sin  {r  —  r')  ' 


2  sin  r  sin  r'      2  sin  o"  sin  o^ 

tan  ^^  =  — r-- ^=  -J —, 

sin  (r  —  r')        sin  (c  —  o* ) 

Also, 

a+?r-|-/o  =  /J4-//-fv  =  ;'-fr-fo-  =  180". 

The  calculation,  from  the  angular  elements  or  from  the  assumed  fundamental  measured 
angles,  either  (1)  of  the  angular  position  of  any  face  whose  symbol  is  given,  or  (2)  of  the 
symbol  of  an  unknown  face  for  which  measured  angles  are  at  hand,  requires  no  further 
explanation.  The  cotangent  formula  is  all  that  is  needed  in  a  single  zone,  and  the  solution 
of  spherical  triangles  on  the  projection  (with  the  use  of  the  sine  formulas)  will  suffice  in 
Jiddltion  in  all  ordinary  cases. 
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MEASUREMENT  OF  THE  ANGLES  OF  CRYSTALS. 

208.  Hand-Goniometers. — The  interfacial  angles  of  crystals  are  measured  by 
means  of  instruments  which  are  called  goniometers. 

The  simplest  form  is  the  hand-goniometer,  represented  in  Fig.  342. 
It  consists  of  an  arc,  graduated  to  half-degrees  or  finer,  and  two  movable 
arms.     In  the  instrument  figured,  one  of  the  arms,  ahy  has  the  motion  forward 

342. 


and  backward  by  means  of  slits  ghy  ik;  the  other  arm,  cd,  has  also  a  similar 
slit,  and  in  addition  it  turns  around  the  center  of  the  arc  as  an  axis.  The 
faces  whose  inclination  is  to  be  measured  are  applied  between  the  arms  ao,  co, 
and  the  latter  adjusted  so  that  they  and  the  surfaces  are  in  close  contact; 
further,  the  arms  must  be  exactly  at  right  angles  to  the  intersection-edge. 
This  adjustment  must  be  made  with  care,  and  when  the  instrument  is  held  up 
to  the  light  none  must  pass  through  between  the  arm  and  the  face.  The 
number  of  degrees  read  off  on  the  arc  between  k  and  the  left  edge  of  d  (this 
edge  being  in  the  line  of  the  center,  o,  of  the  arc)  is  the  angle  required.  The 
motion  to  and  fro  by  means  of  the  slits  is  for  the  sake  of  convenience  in 
measuring  small  or  embedded  crystals.  In  a  better  form  of  the  instrument 
the  arms  are  wholly  separated  from  the  arc;  and  the  arc  is  a  delicately 
graduated  circle  to  which  the  arms  are  adjusted  after  the  measurement. 

The  hand-goniometer  is  useful  in  the  case  of  large  crystals  and  those 
whose  faces  are  not  well  polished;  the  measurements  with  it,  however,  are 
seldom  accurate  within  a  quarter  of  a  degree.  In  the  finest  specimens  of 
crystals,  where  the  faces  are  smooth  and  lustrous,  results  far  more  accurate 
may  be  obtained  by  means  of  a  different  instrument,  called  the  reflecting 
goniometer. 

209.  Reflecting  Ooniometer. — This  instrument,  devised  by  Wollaston  (1809), 
has  been  much  improved  in  its  various  parts  since  his  time  by  Mitscherlich 
and  others.    The  principle  on  which  it  is  constructed  may  be  understood  by 
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reference  to  the  following  figure  (Fig.  343),  which  represents  the  section  of  a 
crystal,  whose  angle,  abc^  between  the  faces  aby  be,  is  required. 

The  eye  at  P,  looking  at  the  face  of  the  crystal,  be,  ooserves  a  reflected 
image  of  m,  in  the  direction  of  Pn.  The  crystal  may  now  be  so  changed  in 
its  position  that  the  same  image  is  seen  reflected  by  the  343 

next  face  and  in  the  same  direction,  Pn.  To  effect  this, 
the  crystal  must  be  turned  around,  until  abd  has  the 
present  direction  of  be.  The  angle  dbe  measures,  there- 
fore, the  number  of  degrees  through  which  the  crystal 
must  be  turned;  it  may  be  measured  by  attaching  the 
crystal  to  a  graduated  circle,  which  turns  with  the  crystal. 
This  angle  is  the  supplement  of  the  interior  angle  between  the  two  faces,  or 
in  other  words  is  the  normal  angle,  or  angle  between  the  two  poles  (see  Art. 
41,  p.  28).  The  reflecting  goniometer  hence  gives  directly  the  angle  needed 
on  the  system  of  Miller  here  followed. 

Many  different  forms  of  reflecting  goniometer  of  simple  type  are  in  use. 
The  accompanying  figure  (Fig.  344)  will  suflBce  to  make  clear  the  geneml 
character  of  the  instrument,  as  well  as  to  exhibit  some  of  the  refinementa 
added  for  the  sake  of  greater  exactness  of  measurement. 

The  circle,  C,  is  graduated,  in  this  case,  to  twenty  minutes,  and  by  nieaiis* 
of  the  vernier  at  v  the  readings  may  be  made  to  minutes  and  half-minutes. 
The  crystal  is  attached  by  means  of  wax  to  the  little  plate  at  Jc;  this  may  be 
removed  for  convenience,  but  in  its  final  position  it  is,  as  here,  at  the  extremity 
of  the  axis  of  the  instrument.  This  axis  is  moved  by  means  of  the  wheel,  w, 
the  graduated  circle  is  moved  by  the  wheel,  m.  Tliese  motions  are  so  arranged 
that  the  motion  of  n  is  independent,  its  axis  being  within  the  other,  while  on 
the  other  hand  the  revolution  of  m  moves  both  the  circle  and  the  axis  to  which 
the  crystal  is  attached.  This  arrangement  is  essential  for  convenience  in  the^ 
use  of  the  instrument,  as  will  be  seen  in  the  course  of  the  following  explanation. 
The  screws,  e,  d,  are  for  the  adjustment  of  the  crystal,  and  the  slides,  a,  by 
serve  to  center  it.  1 

The  method  of  procedure  is  briefly  as  follows:  The  crystal  is  attached  by 
means  of  suitable  wax  at  k,  and  adjusted  by  the  hand  so  that  the  direction  of 
the  combination-edge  of  the  two  faces  to  be  measured  coincides  with  the  axis 
of  the  instrument;  the  wheel,  n,  is  turned  until  an  object  {e.g.,  a  window-bar) 
reflected  in  one  face  is  seen  to  coincide  with  another  object  not  reflected  {e.g.,, 
H  chalk-line  on  the  floor);  the  position  of  the  graduated  circle  is  observed,  and 
then  both  crystal  and  circle  revolved  together  by  means  of  the  wheel,  m,  till 
the  same  reflected  object  now  seen  in  the  second  face  again  coincides  with  t!)o 
fixed  object  (that  is,  the  chalk-line);  the  angle  through  which  the  circle  has 
been  moved,  as  read  off  by  means  of  the  vernier,  is  the  normal  angle  between 
the  two  faces. 

In  order  to  secure  accuracy,  several  conditions  must  be  fulfilled,  of  which 
the  following  are  the  most  important: 

1.  The  position  of  the  eye  of  the  observer  must  remain  perfectly  stationary. 

2.  The  object  reflected  and  that  with  which  it  is  brought  in  coincidence 
should  be  at  an  equal  distance  from  the  instrument,  and  this  distance  should 
not  be  too  small. 

3.  The  crystal  must  be  accurately  adjusted;  this  condition  is  satisfled  when 
the  line  seen  reflected  in  the  case  of  each  face  and  that  seen  directly  with 
which  it  is  in  coincidence  are  horizontal  and  parallel.  It  can  be  true  only 
^hen  the  intersection-edge  of  the  two  faces  measured  is  exactly  in  the  direction 
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of  the  axis  of  the  instrnment,  aod  perpendicular  to  the  plane  of  the  circle. 
The  adjustment  is  accomplished  roughly  by  the  hand  and  accnrately  by  the 
screws  c  and  d, 

i.  The  crystal  mnst  be  centered  as  nearly  as  possible,  or,  in  other  words, 
the  same  intersection-edge  must  coincide  with  a  line  drawn  through  the 


revolving  axis.  This  condition  will  be  seen  to  be  distinct  from  the  preceding, 
which  required  only  that  the  two  rlirectin?ix  sliould  be  the  same.  Tlie  error 
arising  when  this  condition  is  not  satisfied  diminishes  as  the  object  reflected  is 
removed  farther  from  the  instrument,  and  becomes  zero  if  the  object  is  at  an 
infinite  distance.  In  the  centering  of  the  crystal  the  slides  a  and  J  are 
employed. 

The  first  and  second  conditions  are  both  satisfactorily  fulfilled  by  the  ubs 
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of  a  telescope,  as  /  (Fig,  344),  with  slight  magnifying  power.  This  is  arranged 
for  parallel  light,  and  provided  with  a  hair-cross  in  its  focus.  It  admits  also 
of  some  adjustments,  as  seen  in  the  figure^  but  when  used  it  must  be  directed 
exactly  toward  the  axis  of  the  goniometer.  This  telescope  has  also  a  little 
magnifying-glass  (g)  attached  to  it,  which  allows  of  the  crystal  itself  being 
seen  when  mounted  at  k.  This  latter  is  used  for  the  first  adjustments  of  the 
crystal,  and  then  slipped  aside,  when  some  distant  object  which  has  been  selected 
must  be  seen  in  the  neld  of  the  telescope  as  reflected,  first  by  the  one  face  and 
then  by  the  other  as  the  wheel  n  is  revolved.  When  tlie  final  adjustments  have 
been  made  so  that  in  each  case  the  object  coincides  with  the  center  of  the  hair- 
cross  of  the  telescope,  and  when  further  the  edge  to  be  measured  has  been 
centered,  the  crystal  is  ready  for  measurement. 

This  telescope,  obviously,  can  be  used  only  when  the  face  is  smooth  and 
large  enough  to  give  distinct  and  brilliant  reflections.*  In  many  cases  suflicient 
accuracy  is  obtained  without  it  by  the  use  of  a  window-bar  and  a  white  chalk- 
line  on  the  floor  below  for  the  two  objects;  the  instrument  in  this  case  is 
placed  at  the  opposite  end  of  the  room,  with  its  axis  parallel  to  the  window; 
the  eye  is  brouglit  very  close  to  the  crystal  and  held  motionless  during  the 
measurement. 

The  best  instruments  are  provided  with  two  telescopes.  The  second  stands 
opposite  the  telescope,  t  (see  figure),  the  centers  of  both  telescopes  being  in  the 
same  plane  perpendicular  to  the  axis  of  the  instrument.  This  second  telescope 
has  also  a  hair-cross  in  the  focus,  and  this  when  illuminated  by  a  brilliant  gas- 
burner  (the  rest  of  the  instrument  being  protected  from  the  light  by  a  screen) 
will  be  reflected  in  the  successive  faces  of  the  crystal.  The  reflected  cross  is 
brought  in  coincidence  with  the  cross  in  the  first  telescope,  first  for  one  and 
then  for  the  other  face.  As  the  lines  are  delicate,  and  as  exact  coincidence 
can  take  place  only  after  perfect  adjustment,  it  is  evident  that  a  high  degree 
of  accuracy  is  possible.  Still  more  than  before,  however,  are  well-polislied 
crystals  required,  so  that  in  many  cases  the  use  of  the  ordinary  double  tele- 
scopes is  impossible.  Very  often  the  hair-cross  of  the  second  telescope  may 
be  advantageously  replaced  by  a  bright  line  or  cross,  the  light  shining  tnrough 
a  cross  cut  in  tin-foil  (Schrauf),  or  as  given  by  the  analogous  Websky  signal. 
This  light-signal  is  visible  in  the  first  telescope  even  when  the  planes  are 
extremely  minute,  or,  on  the  other  hand,  somewhat  rough  and  uneven;  even 
if  the  image  is  not  perfectly  distinct,  it  may  be  suflSciently  so  to  admit  of  fairly 
good  measurements  (e.g.,  within  two  or  three  minutes). 

210.  Horizontal  Ooniometer. — A  form  of  reflecting  goniometer  well  adapted 
for  accurate  measurements  is  shown  in  Fip^.  345,  It  is  made  on  the  Babinet 
type,  with  a  horizoiiial  graduated  circle;  the  instruments  of  the  Mitscherlich 
type,  just  described,  having  a  vertical  circle.  The  horizontal  circle  has  many 
advantages,  especially  when  it  is  desired  to  measure  the  angles  of  large  crystals 


♦  When  planes  are  rough  and  destitute  of  luster  the  angles  can  often  hest  be  obtained 
by  use  of  a  caudle-flame,  the  diffuse  reflection  of  which  in  the  given  face  takes  the  place  of 
more  distinct  images.  For  embedded  crystals,  and  often  in  other  cases,  measurements  may 
be  very  advantageously  made  from  impressions  in  some  material,  like  sealing-wax.  Angles 
thus  obtain^  ought  to  be  accurate  within  one  degree,  or  even  less,  and  suffice  for  many 
purposes.  It  is  sometimes  of  advantage  to  attach  to  the  planes  to  be  measured,  wlien  quite 
TOUffh.  fragments  of  thin  glass,  from  which  reflections  can  be  obtained;  this  must,  liowever, 
be  done  with  care,  to  avoid  ccmsiderable  error.  Occasionally  dusting  the  surface  with 
graphite  makes  a  "shimuiet  "  nieasunment  with  the  caudle-flame  possible,  or,  again, 
coveriog  ft  with  a  thin  film  of  gum  arabic. 
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or  those  which  are  attached  to  the  rock.    This  particular  form  of  instrament 
here  figured  *  is  made  by  R.  Fuees  in  Berlin. 

The  instrument  stands  on  a  tripod  with  leveliiig  screws.  The  central 
axis,  0,  has  within  it  a  hollow  axis,  b,  with  which  turns  the  plate,  d,  carrying 
the  verniers  and  also  the  observing  telescope,  the  upright  support  of  which  is 
shown  at  B,  Within  i  is  a  second  hollow  axis,  e,  which  carries  the  graduated 
circle,/,  above,  and  which  is  turnedby  the  screw-head,  7;  the  tangent  screw,  a, 
serves  as  a  fine  adjustment  for  the  observing  telescope,  B,  the  screw,  c,  being 
for  this  purpose  raised  so  as  to  bind  b  and  e  together.  The  tangent  screw,  fi, 
is  a  fine  adjustment  for  the  graduated  circle.  Again,  within  e  is  the  third 
axis.  A,  turned  by  the  screw-head,  i,  and  within  h  is  the  central  rod,  which 
carries  the  support  for  the  crystal,  with  the  adjusting  and  centering  ( 
;es  mentioned  below.     This  rod  can  be  raised  or  lowei    '  '     " 


trivances  n 


r  lowered  by  the  screw,  k. 


346. 


BO  as  to  bring  the  crystal  to  the  proper  height— that  is,  up  to  the  axis  of  the 
telescope;  when  this  has  been  accomplished,  the  clamp  at  />,  furnod  by  a 
set-key,  binds  s  to  the  axis,  h.  The  movement  of  A  can  take  place  inde- 
pendently of  g,  but  after  the  crystal  is  ready  for  measurement  these  two  axes 
are  bound  together  by  the  set-screw,  I.  The  signal  telescope  is  supported  at  C, 
firmly  attached  to  one  of  the  legs  of  the  tripod.  The  crystal  is  mounted  on 
the  plate,  u,  with  wax,  the  plate  is  clamped  by  the  screw,  v.  The  centering 
apparatus  consists  of  two  slides  at  right  angles  to  each  other  (one  of  these  is 
shown  in  the  figure)  and  the  screw,  a,  whicn  works  it;  the  end  of  the  other 
corresponding  screw  is  seen  at  a'.  The  adjusting  arrangement  consists  of 
two  cylindrical  sections,  one  of  them,  r,  shown  in  the  figure,  the  other  is  at  r'; 
the  cvlinders  have  a  common  center. 


*  The  Sgure  here  uaed  i«  (lom  the  catalogue  of  Fueu. 
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The  circle  is  graduated  to  degrees  and  quarter  degrees,  and  the  vernier 
gives  the  readings  to  30",  but  by  estimate  they  can  be  obtained  to  10".  The 
fliguals  provided  are  four  in  number^each  in  its  own  tube,  to  be  inserted 
behind  tne  collimator  lens;  these  are"(l)  the  ordinary  telescope  with  the 
hair-cross,  to  be  used  in  the  case  of  the  most  perfect  faces;  (2)  the  commonly 
used  signal,  proposed  by  Websky,  consisting  of  two  small  opaque  circles, 
-whose  distance  apart  can  be  adjusted  by  a  screw  between  them;  the  light 
'  passing  between  these  circles  enters  the  tube  in  a  form  resembling  a  double 
concave  lens;  also  (3)  an  adjustable  slit;  and,  finally,  (4)  a  tube  with  a  single 
round  opening,  very  small.  There  are  four  observing  telescopes  of  different 
angular  breadth  of  field  and  magnifying  power,  and  hence  suitable  for  faces 
varying  in  size  and  in  degree  of  polish. 

The  methods  to  be  employed,  both  in  making  the  preliminary  adjustments 
required  by  every  instrument  before  it  can  be  used  and  in  the  actual  measure- 
ment of  the  angles  of  crystals,  have  been  described  by  Websky  *  with  a  fullness 
and  clearness  which  leave  nothing  to  be  desired,  and  reference  must  be  here 

made  to  his  memoir. 

211.  Theodolite-Ooniometer. — A  form  of  goniometer  f  having  many  practical 
advantages  has  two  independent  circles;  it  can  be  used  in  a  manner  analogous 
to  that  of  the  ordinary  theodolite,  as  will  appear  below.  Instruments  of  this 
type  have  been  devised  indej)endently  by  Fedorow,  Czapski,  and  Goldschmidt. 
In  addition  to  the  usual  graduated  horizontal  circle  of  Fig.  345,  and  the  two 
accompanying  telescopes,  a  second  graduated  circle  is  added  which  revolves  in 
a  plane  at  right  angles  to  the  first;  to  the  latter  the  crystal  to  be  measured  is 
attached,  with  the  addition  of  suitable  adjusting  and  centering  contrivances. 

By  this  instrument,  \nstead  of  the  interfacial  angles  being  measured 
directly,  the  position  of  each  face  is  determined  independently  of  others  by 
the  measurement  of  its  angular  co-ordinates.  These  co-ordinates  are  the  angles 
(0  and  p  of  Goldschmidt)  measured,  respectively,  in  the  vertical  and  horizontal 
circles  from  an  assumed  pole  and  meridian,  which  are  fixed,  in  most  cases,  by 
the  svmmetry  of  the  crvstal.  In  practice  the  crvstal  is  usuallv  so  mounted 
that  the  prismatic  zone  is  perpendicular  to  the  vertical  circle  and  a  pinacoid 
in  this  zone  is  the  zero  point.  For  example,  with  an  orthorhombic  crystal,  for 
the  face  111,  the  angle  0  is  equal  to  010  A  HO  and  p  to  001  A  HI  for  the 
given  species.  Goldschmidt  has  shown  that  this  instrument  is  directly 
applicable  to  the  system  of  indices  and  methods  of  calculation  and  projection 
adopted  by  him,  which  admit  of  the  deducing  of  the  elements  and  symbols 
of  a  given  crystal  with  a  minimum  of  labor  and  calculation. J  Fedorow  has 
also  shown  that  this  instrument,  with  the  addition  of  the  appliances  devised 
by  him,  can  be  most  conveniently  used  in  the  crystallographic  and  optical 
«tady  of  crystals. 


♦See  Websky,  Zs.  Kryst..  3.  241.  1879;  4,  545,  1880;  also  Liebisch,  Bericht  ttber  die 
iMFissenschaftlicheD  Instrumente  auf  der  Berliner  Gewerbeausstellung  im  Jahre  1879, 
pp.  880-8d3. 

t  Fedorow,  Universal  or  Theodolit-Goniometer,  Zs.  Kryst..  21,  574,  1893;  22,  229, 
1898;  Czapski,  Zeitscbr.  f.  Instniincntenkiinde,  1.  1893;  Goldacbmidt.  Zs.  Kryst.,  21,  210, 
1892;  24.  610,  1895;  25,  321.  538.  1806.  On  the  method  of  Goldschmidt,  seePalache.  Am. 
J.  8c..  2,  279.  1896.  A  simplified  form  of  the  theodolite-goniometer  is  described  by 
StUber,  Zs.  Kryst..  29.  25.  1897. 

J  Goldsclim'idt's  latest  contribution  to  this  subject  is  his  work,  Krystallographische 
Winkcltabellen  (482  pp.,  Berlin.  1897).  This  gives  the  angles  required  by  bis  system 
for  all  known  species.  See  also  Zs.  Kr>8t..  29,  361,  1898. 


CBTST  ALLOC  RAPHT. 


COMPOUND  OR  TWIN  CEYSTALS. 

• 

212.  Twin,  Cryatola. — Twin  crystals  are  those  in  which  oue  or  more  parts 
regularly  arranged  are  in  reverse  position  with  reference  to  the  other  part  or 
parts,  rhey  often  appear  externally  to  conBist  of  two  or  more  cryst^s 
Bjin  metrical! J  united,  and  sometimes  have  the  form  of  a  cross  or  star.  They 
also  exhibit  the  composition  in  the  reversed  arrangement  of  part  of  the  faces. 


in  the  atriffi  of  the  snrface,  and  in  re-entering  angles;  in  certain  caaes  th© 
compound  structure  can  only  be  surely  detected  oy  an  examination  in  polarized 
light.  The  above  figures  (Figs.  346-348)  are  examples  of  typical  kinds  of 
twin  crystals,  and  many  others  are  given  on  tho  pages  following. 

To  illustrate  the  relation  of  the  parts  in  a  twin  crystal,  Figs.  349,  350  are 
given.  Fig.  349  shows  a  regular 
octahedron  divided  into  two 
halves  by  a  plane  parallel  to  an 
octabe<Ial  face.  If  now  the 
lower  half  be  supposed  to  be 
revolved  180"  about  an  axis 
normal  to  this  plane,  the 
twinned  octahedron  of  Fig,  350 
results.  This  is  a  common 
type  of  twin  in  the  isometric 
system,  and  the  method  here 
employed  to  describe  the  posi- 
tion of  the  parts  of  the  crystal  to  one  another  is  applicable  to  iieiirjy  all  twins. 
213.  It  IS  important  to  understand  that  crystals,  or  parts  of  crystals,  so 
grouped  as  to  occupy  parallel  positions  with  reference  to  each  other — that 
IS,  those  whose  simitar  faces  are  parallel^are  not  called  twins;  the  term  is 
applied  only  where  the  crystals  or  parts  o{  them  are  united  in  their  reversed 
position  in  accordance  with  some  deducible  mathematical  law.  Thus  Fig. 
351,  which  represents  a  cluster  of  partial  crystals  of  analcite,  is  said  to  be  a 
case  of  pnrnUel  grouping  simply  (see  Art.  231) ;  but  Fi^.  369  illustrates  twin- 
ning, and  this  is  true  of  Fig.  378  nlso.  Since  though  in  these  cases  the  axes 
remain  parallel  the  similar  faces  {and  planes  of  symmetry)  are  reversed  in 
position. 
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214.  Twlnnlsg-azla. — The  relative  poBition  of  the  parts  of  a  twinned 
crystal  cau  be  best  described  as  just  eiplaiued,  by  refereoce  to  that  line  or  axis 
called  the  twinning-axis,  a  rerolntion  of  180  about  ;,g, 
which  would  serve  to  bring  the  twinned  part  parallel  to 
the  other,  or  in  other  words,  which  would  cause  one  of 
the  parallel  parts  to  take  a  twinned  position  relatively 
to  the  other. 

The  twinning-axis  is  always  a  possible  crystalline 
line — that  is,  either  a  crystallographic  axis  or  the  normal   , 
to  some  possible   face  on  the  crystal,  usually  one  of 
the  common  fundamental  forms. 

It  is  not  to  be  supposed  that  ordinary  twins  have 
actually  been  formed  by  such  a  revolution  of  the  parts 
of   crystals,  for   all   twins   (except  those  of   secondary  Anaicue 

origin,  see  Art.  221)  are  the  resilt  of  regular  molecular 

growth  or  enlargement,  like  that  of  the  simple  crystal.  This  reference  to  a 
revolution,  and  an  axis  of  revolution,  is  only  a  convenient  means  of  describing 
the  forms. 

In  certain  rare  cases,  particularly  of  certain  pseado-hexagonal  species,  a 
revolution  of  60°  or  120°  about  a  normal  to  the  base  has  been  assumed  to 
explain  the  complex  group  observed. 

215.  Twinning -plane. — The  plane  normal  to  the  axis  of  revolution  ia 
called  the  tioinning-plane.  The  axis  and  plane  of  twinning  bear  the  same 
relation  to  both  individuals  in  their  reversed  position;  consequently,  in  the 
majority  of  cases  the  twinned  crystals  are  symmetrical  with  reference  to  the 
twinning-plane. 

The  tw inning-plane  is,  with  rare  exceptions,  parallel  to  a  possible  occurrinr 
face  on  the  given  species,  and  usually  one  of  the  more  frequent  or  fundamentu 
forms.  The  exceptions  occur  only  in  the  triclinic  and  monoclinic  sjrstems, 
where  the  twinning-axis  is  sometimes  one  of  the  oblique  crystallographic  axes, 
and  then  the  plane  of  twijining  normal  to  it  is  obviously  not  necessarily  a 
crystallographic  plane;  this  is  conspicuously  true  in  albite. 

216.  Composition-plane. — The  plane  by  which  the  reversed  crystals  are 
united  is  the  cumpoxit ion-plane.  This  and  the  twinning-plane  very  commonly 
coincide;  this  is  true  of  the  simple  example  given  above  (Fig.  350),  where 
the  plane  about  which  the  revolution  may  be  conceived  to  take  place  (normal 
to  the  twinning-axis)  and  the  plane  by  which  the  semi-individuals  are  united 
are  identical.  When  not  coinciding,  the  two  planes  are  generally  at  right 
angles  to  each  other— that  is,  the  composition-plane  is  parallel  to  the  axis  of 
revolution.  Examples  of  this  are  given  beyond.  Still  again,  where  the 
crystals  are  not  regularly  developed,  and  where  they  interpenetrate,  the  contact 
snrface  may  be  interrupted,  or  may  be  exceedingly  irregular.  In  such  coses 
the  axis  and  plane  of  twinning  have,  as  always,  a  definite  position,  but  the 
composition -plane  loses  its  significance. 

Thus  in  quartz  twins  tlie  interpenetrating  parts  have  often  no  rectilinear 
boundary,  but  mingle  in  tlie  most  irregular  manner  throughout  the  mass, 
showing  this  composite  irregularity  by  abrupt  variations  in  the  character  of 
the  snrfaces.  This  irregular  internal  structnre,  found  in  many  quartz  crystals, 
even  the  common  kinds,  ia  well  brought  out  by  means  of  polarized  light;  also 
by  etching  with  hydrofluoric  acid. 

The  com  position  plane  lias  sometimes  a  more  definite  signification  than  the 
twinning-plane.    This  is  due  to  the  fact  that  in  many  cases,  whereas  the  former 
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is  fixed,  the  twinnin^-axis  (and  twiuning-plane)  may  be  exchanged  for  another 

line  (and  plane)  at  right  anglea  to  each,  reapectively ;  since  a  revolution  about 

352.         the  second  axis  wilt  also  satisfy  the  conditions  of  producing  the 

r—i — ^    retjuired  form.    An  example  of  this  is  furnished  by  Fig.  352,  of 

fx  I  f.  /\  onhoclaae;  the  composition-plane  is  here  fixed — namely,  parallel 

\^-— -]  to  the  crystal  face,  h  {010),     But  the  axis  of  revolution  may  be 

either  (I)  parallel  to  this  face  and  normal  to  a  (100),  whic)i  is 

tlien  consei^nently  the  twinning-plane,  though  the  axis  does  not 

coincide  with  the  crystallographic  axis;  or  (U)  the  twinniiig-asis 

may  be  taken  as  coinciding  with  the  vertical  axis,  and  then  the 

twinning- plane  normal  to  it  is  not  a  crystallographic  face.     In 

other  simpler  cases,  also,  the  same  principle  holds  good,  generally 

^^ —^    in  consequence  of  the  possible  mutual  interchange  of  the  planes 

of  twinning  and  composition.  In  most  cases  the  true  twinning-plane  is 
evident,  since  it  is  parallel  to  some  face  on  the  crystal  of  simple  matliematical 
ratio, 

217.  An  interesling  example  of  the  possible  choice  between  two  twinning-nies  At  right 
augles  to  ench  otljer  ia  furuisbeil  l]y  Ihe  BpecI<!S  staurolite.  Fig.  40Q  aliovi's  u  prismiilic  twiu 
from  Faunin  Co. ,  Ga.  The  meaaureil  augle  for  hb  waa  70°  30'.  The  twiDuiiig-axis  iltdiK-eiJ 
from  this  may  he  normal  lo  Ihc  face  (330),  wlJicb  would  llieti  he  the  twinniug-platie.  Or, 
tnsiend  of  thU  axis,  its  compicmeDtfiry  nxia  at  right  angles  lo  it  may  be  laketi,  n  birh  would 
equiilly  well  produce  the  ohaerved  form.  Now  in  this  species  It  hnppeas  (hat  tlie  faces,  iSO 
and  330  (over  100),  arc  almost  exactly  at  riglit  angles  with  each  other,  tiii<l,  according  to  the 
ktler  suppOiiUion,  IHO  becomes  the  Iwinultig-pluue,  and  Ihc  axis  ot  revolutiou  is  nomiAl  lo 
it.  Hence,  either  330  or  130  may  be  Ibe  twiuniug-pkiie,  cither  auppoailion  agreeing  closely 
with  tile  tueoBured  angle  (which  could  not  be  obtained  witli  great  accuracy).  The  former 
method  of  twinning  (tw.  pi.  230)  conforms  lo  Ihe  other  twins  observed  on  the  species,  and 
hence  it  may  be  accepted.  What  is  true  in  this  case,  however,  is  nol  always  Irue,  for  it 
will  seldom  happen  lliat  of  the  two  complementary  axes  each  Is  so  nearly  uoriniil  to  a  face 
of  the  crystal.  In  most  cases  one  of  llie  Iwo  axes  conforms  to  Ibe  law  m  being  a  normal 
to  a  pnasfbtc  face,  and  the  other  does  not,  and  bencc  there  is  uu  doubt  as  to  wbioh  is  the 

Another  intereslinc  case  is  that  furnished  by  coliinibilc.  The  common  Iwius  of  Ihe 
apecies  are  similar  tii  Fig.  347.  p.  118,  and  have  t  (03t)  as  ibe  twinniiig-jilane;  but  twins 
iilso  'iccur  liki;  Pig.  404,  p.  133,  where  Ihe  twinning-plane  is  g  (033).  The  twii  faces.  021 
nnd  033,  are  nearly  at  right  angles  to  each  olber,  but  tbe  incaaiircd  angles  arc  in  Ibis  case 
sufficiently  einct  to  prove  that  llie  ln-ii  kinds  cannot  be  referred  lo  one  and  the  siknie  biw. 

218.  Contact-  and  Penetration-twins. — In  coninct-twins,  when  normally 
formed,  the  two  halves  are  simply  connate,  being  united  to  each  other  liy  the 
composition-plane;  they  are  illustrated  by  Figs.  34?,  350,  etc.  In  actually 
occurring  crystals  the  two  parts  are  seldom  symmetrical,  as  demanded  by 
theory,  but  one  may  preponderate  to  a  greater  or  less  extent  over  the  other; 
in  some  cases  only  a  small  portion  of  tlie  second  individual  in  the  reversed 
position  may  e.^ist.  Very  great  irregularities  are  observed  in  nature  in  this 
respect.  Moreover,  the  re-entering  angles  are  often  obliterated  by  the  abnormal 
developments  of  one  or  other  of  the  parts,  and  often  only  an  indistinct  lino  on 
some  of  the  faces  marks  the  division  between  the  two  individuals. 

l'<;nelriitioH-twins  are  those  in  which  two  or  more  complete  crystals  inter- 
penetrate, as  it  were  crossing  through  each  other.  Normally,  the  crystals  have 
a  common  center,  which  is  the  center  of  the  axial  system  for  both;  practically, 
however,  as  in  con  tact- twins,  great  irregularities  occur. 

Examples  of  twins  of  this  second  kind  are  given  in  the  annexed  fignres. 
Fig.  353  of  fluorite.  Fig.  354  of  tetrahedrite,  and  Fig.  355  of  chabazice.  Other 
*>TampIes  occur  in  the  pages  following,  as,  for  instance,  of  the  species  staurolite 
(Figs.  408-411),  the  crystals  of  which  sometimes  occ\ir  in  nature  with  almost 
the  perfect  symmetry  demanded  by  theory.     It  is  obvious  that  the  distinction 
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between  contact-  and  penetration-twins  U  not  of  great  importance,  and  the  line 
cannot  always  be  clearly  drawn  between  them. 


Fluorite, 


Tetrahedrite. 


Cliabazite. 


366. 


Rutile. 


S19.  FaikganJe  uid  lI<UB«iiie  Twini.— Ttii;  distinction  of  psrngcDic  and  metngentc  twins 
belongs  rather  to  cryatnllogeuy  than  crysUillogrnpby.  Yel  tbe  forms  are  ofteD  so  obriouBly 
distinct  lliHl  a  brief  notice  of  tLc  ilistincliou  is  iiiiportaut. 

In  oriliuary  twitia.  the  coiDpound  slriicltlre  had  its  bcginnitig  io 
&  Ducleal  compouad  molecule,  or  mas  cuiiipoiiDd  iu  its  very  origin. 
and  whatever  iDcqtialilics  iu  the  leiiiilt,  these  are  nulj'  irregiilnrfties 
in  the  development  rrom  sucli  a  uiideus.  But  in  othei-e,  the  crystal 
was  at  first  simple;  and  afleriTHrda,  througli  some  cliauge  in  itself  or 
In  the  condiLlon'  of  the  material  KiipplleiT  fur  its  Increase,  i-eccivccl 
new  layers,  or  a  continiintion,  in  a  reversed  position.  Tliis  mode  of 
twinning  is  metagenic,  or  a  TCBult  subseijiient  to  the  origin  of  the 
crj'slal;  while  the  ordinary  mode  is  paragenie.  0[ie  form  of  it  is 
lllustraled  in  Pig.  356.  Tlie  iiiidille  portion  liad  iiilaincd  a  length  of 
half  an  inch  or  more,  and  then  liecnme  geniculutcd  simtillaneously 
at  either  extremity,  Tliese  geuiculatiotiB  are  often  re[)eale(i  iu  rulile, 
and  the  ends  of  the  crystal  me  thus  bent  into  one  another,  and 
occasionally  produce  nearly  regular  prismatic  forms. 

Tills  nicliigenic  twinuiug  Is  sometimes  presented  by  the  Guccessfve 
layers  of  deposition  In  a  (Tysliil.  as  in  some  ([irnnz  crystals,  especially 
ametliyst,  the  iiisepamble  layers,  exceedingly  lliin,  being  of  op|ioaite  liinda.  In  a  simllnr 
manner,  crystals  of  the  iricliulc  toldsimrs,  alblie,  etc.,  are  often  inadu  up  of  lliiu  plalCB 
(iarallel  to  6  (010),  by  oscillatory  composition,  and  the  face  c  (001).  accordingly,  is  linely 
striated  pandlel  to  Ibe  edge  e.  b. 

220.  Repeated  Twinning,  Polysynthotio  and  Symmetrical.— In  the  preceding 
paragraph  one  case  of  repeated  twinning  has  been  mentioned,  that  of  the  feld- 
fipara;  it  is  a  case  ot  parallel  repetition  or  parallel  grouping  in  reversed  position 
of  successive  crystalline  lainellie.  This  kind  of  twinning  is  often  called  mlt/' 
st/ntheiic  twinning,  the  lamellae  in  many  cases  being  extremely  thin,  and  giving 
riaa  to  a  series  of  parallel  lines  (striatlons)  on  a  crystal  face  or  a  surface  oi 
cleavage.  The  triclinic  feldspars  show  in  many  cases  polysynthetic  twinning 
and  not  infrequently  on  both  c  (001)  and  b  (010),  cf.  p.  130.  It  is  also  observed 
with  magnetite  (Fig.  450),  pyroxene,  barite,  etc. 

Another  kind  of  repeated  twinning  is  illustrated  by  Figa.  357-362,  where 
the  successively  reversed  individuals  are  not  pantllel.  In  these  cases  the  axes 
may,  however,  lie  in  a  zone,  as  the  prismatic  twins  of  aragonite,  or  they  may 
be  inclined  to  each  other,  as  in  Fig.  359  of  staurolite.  In  all  such  cases  the 
repetition  of  the  twinning  tends  to  produce  circular  forms,  when  the  angle 
between  the  two  axial  systems  is  an  aliquot  part  of  360°  (approximately). 
Thus  six-rayed  twinned  crystals,  consisting  of  three  individuals  (hence  called 
trillings),  occur  with  chrysoberyl  (Fig.  357),  or  cerussite  (Fig.  358),  or  staurolite 
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(Fig.  359),  since  three  times  the  angle  of  tvinning  in  each  case  ia  not  fat  from 
360  -    Again,  fire-fold  twins,  or  fivelings,  occar  in  the  octahedrons  of  gold  and 


Rutlle. 


Pbillipaite. 


spinel  (Fig.  360),  since  5  X  70°  33'  =  360°  (anproi.).  Eight-fold  twins,  or 
eightHnff^,oi  m tile  (Figs.  361,357)  occur,  since  tne  angle  of  the  axes  in  twinned 
position  goes  approximatelj  eight  times  in  360°. 

Kepeated  twinning  of  the  aymmetrical  type  often  serves  to  give  the  com- 
pound crystal  an  apparent  Bymraetry  of  higher  grade  than  that  of  the  simple 
individual,  and  the  result  is  often  spoken  of  as  a  kind  of  p8endo-8ymmetry(Art. 
20),  cf.  Fig.  397  of  aragonite,  which  represeots  a  pnewlo-hextiffoniil  crystal. 
Fig,  3G3  of  phillipaite  (cf.  Figs.  432-424)  ia  an  interesting  case,  since  it  shows 
how  a  multiple  twin  of  a  monoclinic  crystal  may  simulate  an  isometric  crystal 
(dodecahedron). 

Compound  crystals  in  which  twinning  exists  in  accordance  with  two  laws 
at  once  are  not  of  common  occurence;  an  excellent  example  is  afforded  by 
ataurolite.  Fig.  411,  They  have  also  been  observed  on  albite,  orthodaae,  and 
in  other  cases. 

221.  Secondary  Twinning. — When  there  is  reason  to  believe  that  the  twin- 
ning has  been  produce<l  subsequently  to  the  original  formation  of  the  crystal, 
or  crystalline  mass,  as,  for  example,  by  pressure,  it  is  said  to  he  nccnndary. 
Thus  the  calcite  grains  of  a  crystalline  limestone  often  show  such  secondary 
twinning  lametlse.  The  same  are  occasionally  observed  (||c,  001)  in  pyroxene 
crystals.    Further,  the  polysynthetic  twinning  of  the  triclinic  feldspars  is  often 
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■ecoodsry  in  origin.  This  Bubject  ie  farther  discnssed  on  a  later  page,  where 
it  is  also  ex^IaioM  that  in  certain  caeee  twinning  may  be  produced  artificially 
in  a  cryetal  individual— 0.^.,  in  calcite  (see  Art.  861). 


EXAMPLES  OP  IMPORTANT  METHODS  OF  TWINNING. 

222.  bometrio  System.— With  few  ezceptioos  the  twins  of  the  normal 
eroiip  of  this  systein  are  of  one  kind,  the  twinniug-azis  an  octahedral  axis,  and 
the  twinning-plaite  consequently  parallel  to  an  octahedral  face,-  in  most  cases^ 
also,  the  latter  coincides  with  the  compoBition- plane.  Fig.  350,  p.  1 18,*  shows 
this  kind  as  applied  to  the  simple  octahedron  j  it  is  especially  common  with  the 
spinel  group  of  minerals,  and  is  hence  called  in  general  a  spinel-twin.  Fig. 
363  is  a  similar  more  complex  form;  Fig.  364  shows  s  onbe  twinned  by  this 


Galena, 


Cupper. 


Copper. 


method,  and  Fig.  365  represents  the  same  form  but  shortened  in  the  direction 
of  the  octahedral  axis,  and  hence  having  the  anomalous  aspect  of  a  triangnlar 
pyramid.     AU  these  cases  are  contact-twins. 

Penetration-twins,  following  the  same  law,  are  also  common.     A  simple 
case  of  finorite  is  shown  in  Fig.  353,  p.  121;  Fig.  366  shows  one  of  galena; 


Galena.  Haflynlte.  Sodallie. 

Fig.  367  is  a  repeated  octahedral  twin  of  hauynite,  and  Fig.  368  a  dodecahedral 
twin  of  sodalite. 

*  It  will  be  not«il  thnt  bere  noit  clMwIiere  lie  leiiers  usetl  to  dealguate  tbe  faces  od  the 
twinned  parU  ol  crysinU  are  dUtlnguithed  by  a  subscript  line. 
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228.  In  the  pyriiohedral  group  of  the  isometric  system  penetration- twins 
of  the  type  shown  in  Fig.  3C9  are  common  {this  form  of 
pyrite  is  often  called  the  tro?»  cross).  Here  the  cubic 
iLxis  is  the  twinning-axis,  and  obviously  such  a  twin  is 
impossible  Jn  the  normal  group. 

Figs.  370  and  371  show  aiialogoua  forms  with  parallel 

axes  for  crystals   belonging  to   the  tctrahedral  group. 

The  peculiar  development  of  Fig.  370  of  tetruhedrite  is 

to  be  noted.    Fig.  372  is  a  twin  of  the  ordinary  spinel 

type  of  another  tetrahedral  species,  sphalerite;  with  it, 

complex  forms  with  repeated  twinning  are  nob  uDCommon 

Pyrite.  jiiid  sometimes  polysynthetic  twin  lamellse  are  noted. 

224.  Tetragonal  System. —The  most  common  method  is  that  where  the 

twinning-plane  is  parallel  to  a  face  of  the  pyramid,  e  (101).     It  is  especially 

characteristic  of  the  species  of  the  rutile  group — viz.,  rutile  and  cassiterite; 

310.  371.  372. 


Tcliiihedrile.  Eiilytite.  Splialcrilc. 

also  similarly  the  allied  species  zircon.  This  is  illustrated  in  Fig.  373,  and 
again  in  Fig.  374.  Fig.  375  shows  a  repeated  twin  of  rutile,  the  twinning 
according  to  tliis  law;  the  vertical  axes  of  the  successive  six  individuals  lie 
in  a  plane,  and  an  inclosed  circle  is  the  result.  Another  repeated  twin  of  rutile 
373.  374.  376. 


according  to  the  same  law  is  shown  in  Fig.  361;  here  the  successive  TerUcal 
axes  form  a  zigzag  line;  Fig.  376  shows  an  analogous  twin  of  hausmannite. 

Another  kind  of  twinning,  twinning-plane  parallel  to  a  face  of  the  pyramid 
<301),  is  shown  in  Fig.  377. 

225.  In  the  pi/ramidal  group  of  the  same  system  twins  of  the  type  of  Fig. 
378  are  not  rare.  Here  the  vertical  axis,  i,  is  the  twinning-axis;  such  ft 
crystal  may  simulate  one  of  the  normal  group. 
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376.  311.  378. 


HausniBiiDlte.  Ruiile.  Scheelite. 

In  chalcopyrite,  of  the  ipfienoidnl  group,  twinning  with  a  face  ot  the  unit 
pyramid,  /  (lU),  as  the  twmning-plane  is  common  (Fig.  379).  As  the  angles 
differ  but  a  smsU  fraction  of  a  degree  from  those  of  a  regular  octahedron,  such 
twins  often  resemble  cloBelv  spinel-twins.  In  Fig.  380  a  repeated  twin  ot  this 
type  has  a  pseudo-rhomboliearal  aspect.  In  Fig.  381  the  t winning-plane  is 
e  (101).     Otner  rarer  kinds  of  twinnmg  have  also  been  noted. 

379.  380  381 


Cbalcopyrite. 

326.  Hexagonal  System. — lu  the  hexagonal  division  of  this  system  twins 

383.  are  rare.     An  example  is  furnished  by  pyrihotlte,  Fig. 

3S3,  where  the  twinning-plane  is  the  pyramid  (lOll).  the 

vertical  axes  of  the  individual  crvstals  being  nearlv  at 

rigiit  angles  to  each  other  (since  0001  A  1011  =  45"  Ji'). 

Apparent  cruciform  twins  of  apatite,  of  the  pyramidal 

\  group,  have  been  noted  in  some  rare  cases.     Here  the 

/  diagonal  pyramid  s  (llSl)  was  the  plane  which  seemed 

to  be  the  twinning-plane.     These  cases  need  confirma- 

Pyrrliotiie.  tioti. 

227,  In  the  species  belonging  to  the  trigonal  or  rhomhobedrnl  division, 

twins  are  common.     Thus  the  twinntng-axis  may  be  the  vertical  axis,  as  in  the 

contact-twins  of  Figs.  383  and  384,  or  th«  petietration-twins  of  Figs.  348,  385. 

Or  the  twinning-plane  may  be  the  obtuse  rhomboliedron  e  (0112),  as  in  Fig. 

386,  the  vertical  axes  crossing  at  angles  of  127^°  and  52^°;  these  forms  are 

often  curiously  distorted,  as  in  Figs.  387,  388.     Again,  the  twiniiing-ptane  may 

be  r  (lOll),  as  in  Fig.  389,  the  vortical  axes  nearly  at  right  angles  (90^°);  or 

(0331),  as   in  Fig.  390,  the  axes  inclined    53i°  and  ISGl".     In  Fig.  391  of 

zroelinite  the  twinning-plane  is  the  rhombohedron  (30.12),  which  corresponds 

in  angle  with  the  common  fundamental  form  of  the  allied  species  chabazite. 
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Figs.  8B6-390.  Ciilcite.  Pig.  391,  Guieliuite. 
Il  tiie  tiapezohedral  group,  the  species  quartz  shows  several  methods  of 
twinning.  In  Fig.  392  the  twiiMiirg-pIaiie  is  the  diagonal  pvniniid  £  (1133), 
the  axes  crossing  at  angles  of  84i°  and  95^°.  In  Fig.  393  the  twinniiig-»iia 
is  (!,  the  axes  hence  parallel,  the  individuals  both  right-  or  both  lef_t-handed 
butunsynimetrical,  r  (1011)  then  parallel  to  and  coinciding  with  z  (OIU).  The 
resulting  forms,  as  in  Fig.  393,  are  mostly  penetration-twins,  and  the  parts  are 
often  very  irregularly  united,  as  shown  by  dull  areas  {z)  on  the  phis  rhoniho- 
hedral  face  (I'i;  otherwise  these  twins  are  recognized  by  pyro-electrical  phe- 
nomena. In  Fig.  394  the  twinning-plane  is  a  (ll50)— the  Braul  law— iha 
individuals  respectively  right-  and  left-lianded  and  the  twin  symmetrical  with 
reference  to  an  »-face;  these  are  usually  irregular  penetration-twins;  iu  these 
twins  r  and  r,  also  z  and  z,  coincide.  These  twins  often  show,  in  converging 
polarized  light,  the  phenomenon  of  Airy's  spirals.  It  may  be  added  that 
pseudo-twiDB  of  quartz  are  common — that  is,  groups  of  crystals  which  nearly 
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conform  to  some  more  or  leas  complex  twinning  law,  but  where  the  grouping 
U  nevertheless  only  accidental.  See  also  the  remarks  in  Art.  232  about 
Fig.  433. 

392.  393.  394.  39&. 


Figs.  883-364,  Qunitz.     Fig.  395,  Plienacite. 

In  Fig.  39rj  ot  phenacite  (of.  p.  80  el  seq.)  the  vertical  axis  is  obviously  the 
twinning-aiis. 

228.  Orthorhombic  System. — In  the  orthorhombic  system  the  commonest 
method  of  twinning  is  that  where  the  twinning-plane  is  a  face  of  a  prism  of 


/^^7\ 


v/ 


€0°,  or  neariy  60°.  This  is  well  shown  with  the  species  of  the  aragonite  group. 
In  accordance  with  tlie  principle  stated  in  Art.  220,  the  twinning  after  this 
law  is  often  repeated,  and  thus  forms  with  pseudo-hex  agonal  symmetry  result. 
Fig.  396  shows  a  simple  twin  of  aragonite;  Figs,  397,  398  repeated  forms 
exhibiting  the  irregularities  on  the  faces  doe  to  the  fact  that  thii  prismatic 
angle  is  not  exactly  60°.  Fig.  399,  a-e,  show  further  some  of  the  methods  of 
composition  which   have  been  noted;    in   e  the  twinning  is  poly  synthetic. 
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With  witherite  (and  bromlite),  apparent  hexagonal  pyramids  (Figs.  40U,  401) 
are  common,  but  the  true  complex  twinning  is  revealed  in  polarized  light, 
400  401.  ^  noted  later. 

Twinning  of  the  same  type,  but  where  a  dome  of 
60°  is  twinning-plane,  ia  common  with  arsenopyrite 
(tw.  pi.  e  (101),  as  shown  in  Figs.  402, 403 ;  ulso  Fig.  404 
of  columbite,  but  compare  Fig.  347  and  remarlis  in 
Art.  217.  Another  example  is  given  in  Fig.  357  of 
alexandrite  (chrysoberyl).  Chrysolite,  manganite, 
hnmite,  are  other  species  with  which  this  kind  of 
twinning  ia  common, 

404. 


Another  common  method  of  twinning  is  that  where  the  twinning  is 
parallel  to  a  face  of  a  prism  of  about  704°,  as  shown  in  Fig.  405.  With  this 
method  symmetrical  fivelings  not  infrequently  occur  (Figs.  406,  407). 


Mnrcaalte.  MArcasitc.  Arse  oopy  rite. 

The  species  ataurolite  illustrates  three  kinds  of  twinning.     In  Fig.  408  the 

408.  409.  410. 
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tiriDiung'plat]eu(03S),«idEiiice(001  f-  03*3)  =45''t1',tbecTTiTaUcr<;«Ei,fiu'JT 
^j  ^2  at  right  SDgles.     In  Fig.  41**  liit  tw::.i.:iig- 

plane  if  the  priem  i'i"A*\.  In  Fif.  4'v<  it  i< 
the  {•rraniid  (;!3'^):  the  crrstiih  tiicrii  croK- 
iog  at  suf  les  cf  sbont  ft.'.  sitrHaie  triJicp 
occor  (st*  Fig.  3J?),  and  iiioerU  more  «nu- 
plex  furtDe.  In  Fig.  411  there  is  twiDLiug 
according  to  both  tu3'3t  and  {'iZ^u    ' 

In  l)ie  hemiicorphic  group,  ttrin^  of  the 
tvpe  fiLovn  in  Fig.  Wi.  with  c  ae  the  triu- 
ning-tilaL*-,  are  lo  be  noted. 

229.  Monodiaie  StAcb. — In  the  in<>Do- 
clinic  ST£t«n],  twins  wiih  the  vertical  axii  aa 
twinning-axif  are  common :  tbia  ie  illustrated 
\tt  Fig.  413  of  angite  fpyroiene),  Fig.  414  of  grpaum,  aud  Fig.  415  of  ortiio- 
clase  (see  also  Fig.  3j'I,  p.  I'-O).  Wii)i  the  latter  specie*  liiese  iwiiiS  are  called 
Carltbad  twitu  (becau.^  common  in  the  tratiirte  of  Carlst^a-i.  B'-hemiafi  they 
may  be  ooniact-iwini  i  Fig.  353j,  or  irreianlar  fx-net rat ioii-i wins  i  Fig.  41.5),  In 
Fig.  3o?  it  \i  to  be  noted  that  c  aud  x  fall  nearly  iti  the  same  place. 


413. 


414. 


Aufite.  GTi«utn. 

In  Fig.  41C,  also  of  orthoclaae,  the  twiiiLing-plaLe 
and  since  (001  /-.  Wl)  =  44"  50^'.  this 
•qnare  priims.     These  twins   are  called 


fey 


the  oiiiK-i'.me  (02H, 


hfj  of  tw:rji;itig  tiel'is  nearly 
•qnare  priims.  These  twins  are  called  hi'rtn'j  t'ri„f  (froiii  a  prominent 
locality  at  Bareno,  Italy):  they  are  ofien  rej>fcated  (Fig.  41Tt.     InFig.ilSa 


Miintbfrl,  iiriH  is  ihowL;  here  the  twin  nine- plane  ie  r  fOOll.  Oiher  rarer 
type*  of  twinning  hate  been  noted  wjih  orih<JcIaee.  Pohsrothetic  twirning 
with  c  (WJl)  u  twiLLing-pIane  ii  common  with  pyrozeDe  (cf.  Fig.  43C<.  p.  131), 
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Twins  of  tlie  aragoiiite-chrjsoberjl  type,  are  not  tincoinnion  with  mono- 
clinic  species,  having  a  promiueiit  60°  prism  (ordome),flfl  in  Fig,4lO.  Stellate 
twins  after  this  law  ure  common  with  chondrodite  and  clinohamite.  An  anal- 
ogous twin  of  pyroxene  is  shown  iu  Fig.  420;  here  the  pyramid  (l22)  is  the 
twinning-plane,  and  Bince  (010  A  332)  =  fi9°  21',  the  crystals  cross  at  angles 
of  nearly  GO";  further,  the  orthopinacoids  fall  nearly  in  a  common  zone,  since 
(100  A  l32)  =  90°  9'.     Iu  Fig.  421  the  twinning-plane  is  the  orthodonie 


420. 


Wolframite 


Pyroiene. 


Pyroiene. 


(101).  Phillipsite  and  harmotome  exhibit  multiple  twinning,  and  the  crystals 
often  show  pseudo-symmetrj?.  Fig.  422  shows  a  cruciform  fourling  with  c  (001) 
as  twinning-plane,  the  twinning  shown  by  the  striations  on  the  side  face. 
This  is  compounded  in  Fig.  423  with  twinning-plane  (Oil),  making  nearly 
sijnare  prisms,  and  this  further  repeated  with  m  (110)  as  twinning-plane 
yields  the  form  in  Fig,  424,  or  even  Fig.  362,  p.  122,  resembling  an  isometric 
dodecahedron,  each  face  showing  a  fourfold  striation. 


423. 


PlilllipsUi 


230,   Triclinic    System. — The    most    interesting    twins    of    the    tricltnic 

system  are  tiioso  shown  by  the  feldspars.  Twinning  with  5  (010)  us  the 
twinniiig-plaTie  is  very  common,  especially  polysynthetic  twinning  yielding 
thin  parallel  Iiiniellie,  sliown  by  the  striations  on  the  face  p  (or  tiie  corresponding 
cleavage-surface),  and  also  clearly  revealed  in  polarized  light.  This  is  known 
AS  the  albite  law  (Fig.  425).  Another  important  method  (Fig.  4-;ifi)  is  that  of 
the  pericline  law;  the  twinning-axis  is  the  crystal lographic  axis  h.  Here  the 
twins  are  united  by  a  section  (rhombic  section)  shown  in  the  figure  and  further 
explained  under  the  feldspars.  Polysynthetic  twinning  after  this  law  is  com- 
mon, and  hence  a  cleavage -mass  may  sliow  two  sets  of  strintions,  one  on  the 
surface  parallel  to  c  (001)  and  the  other  on  that  parallel  to  b  (010).     Tbo  ' 
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angle  made  by  these  last  atriations  with  the  edge  001/010  is  charaoteriatic  o 
the  particular  triclinic  species,  as  noted  later. 

42ft.  426.  427. 


Labradorite.  Albile.  Albite. 

Twins  of  albite  of  other  rarer  types  also  occur,  aad  further  twins  aimila 
to  the  Carlsbad,  Baveno,  and  Manebach  twins  of  orthoclase.  Fig.  437  show 
twinning  according  to  both  the  albite  nud  Carlsbad  types. 


REGULAR   GROUPING   OF  CRYSTALS. 
231.  Parallel  Oronping. — Connected  with  the  subject  of  twin  crystals  i 


3  species,  i 


that  of  the  paralLel  position  of  associated  crystals  of  t 
different  species. 

Crystals  of  the  same  species  occnrring  together  are  very  commonly  i; 
4a8_  parallel   ])oaition.     In  this  way  large  crystals,  as  o 

culcito,  qinirtz,  flnorite,  are  sometimes  built  up  o 
smaller  individuals  grouped  together  with  correspond 
ing  faces  parallel.  This  parallel  grouping  is  ofte; 
seen  in  crystals  as  tlioy  lie  on  the  supporting  rock 
On  ghmcing  the  eye  over  a  surface  covered  wit! 
crystals  a  redectioii  from  one  face  will  often  b 
accompanied  by  reflections  from  the  correspondin, 
J  face  in  each  of  tbe  other  crystals,  showing  tnat  th 
crystals  are  throughout  similar  in  their  positions. 

With  many  species,  complex  crystalline  forms  resnl 
from  t)ie  >;rowth  of  parallel  partial  crystals  in  the  direc 
tion  of  tlie  crystal lographic  aies,  or  axes  of  symmetry 
430."  431. 


pyrexoiie  In  tii-ullel  posllloo. 
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Thus  dendritic  forms,  resembling  branching  vegetation,  often  of  great  delicacy, 
are  seen  with  gold,  copper,  argentite,  and  other  species,  especially  those  of  the 
isometric  system.  This  is  shown  in  Fig.  438  (ideal),  and  again  in  Fig.  429, 
where  the  twinned  and  flattened  cubes  (cf.  Fig.  365,  p.  123)  are  grouped  in 
directions  corresponding  to  the  diagonals  of  an  octahedral  face  which  is  the 
twinning-plane. 

232.  Parallel  Gronping  of  Unlike  Species. — Crystals  of  different  species  often 
show  the  same  tendency  to  parallelism  in  mutual  position.  This  is  true  most 
frequently  of  species  which  are  more  or  less  closely  similar  in  form  and  com- 
position. Crystals  of  albite,  implanted  on  a  surface  of  orthoclase,  are  some- 
times an  example  of  this;  crystals  of  amphibole  and  pyroxene  (Fig.  430),  of 
zircon  and  xenotime  (Fig.  431),  of  various  kinds  of  mica,  are  also  at  times 
observed  associated  in  parallel  position. 

The  same  relation  of  position  also  occasionally  occurs  where  there  is  no 
connection  in  composition,  as  the  crystals  of  rutile  on  tabular  crystals  of 
hematite,  the  vertical  axes  of  the  former  coinciding  with  the  lateral  axes  of 
the  latter.    Crystals  of  calcite  have  been  observed  whose  rhombohedral  faces 


432. 


433. 


had  a  series  of  quartz  crystals  upon  them,  all  in  parallel  position  (Fig.  432); 
sometimes  three  such  quartz  crystals,  one  on  eacli  rhombohedral  face, 
entirely  envelop  the  calcite,  and  unite  with  re-entering  angles  to  form  pseudo- 
twins  (rather  trillings)  of  quartz  after  calcite.  A  similar  occurrence  from 
Specimen  Mountain,  in  the  Yellowstone  Park,  is  shown  in  Fig.  433. 


IRREGULARITIES  OF  CRYSTALS. 

233.  The  laws  of  crystallization,  when  unmodified  by  extrinsic  causes, 
should  produce  forms  of  exact  geometrical  symmetry,  the  angles  being  not 
only  equal,  but  also  the  homologous  faces  of  crystals  and  the  dimensions  in  the 
directions  of  like  axes.  This  symmetry  is,  however,  so  uncommon  that  it  can 
hardly  be  considered  other  than  an  ideal  perfection.  The  various  possible 
kinds  of  symmetry,  and  the  relation  of  this  ideal  geometrical  symmetry  to  the 
actual  crystallographic  symmetry,  have  been  discussed  in  Arts.  14  and  IS  et 
seq.  Crystals  are  very  generally  distorted,  and  often  the  fundamental  forms 
are  so  completely  disguised  that  an  intimate  familiarity  with  the  possible 
irregularities  is  required  in  order  to  unravel  their  complexities.  Even  the 
angles  may  occasionally  vary  rather  widely. 

The  irregularities  of  crystals  may  be  treated  of  under  several  heads:  1, 
Variations  of  form  and  dimensions ;  2,  Imperfect  iofis  of  surf  ace j  3,  Varia^ 
tions  of  angles;  4,  Internal  imperfections  and  impurities. 


IRUEGULABITIES   OF   CBYBTALS. 


J.  VARIATIONS  IN   THE   FORMS  AND   DIMENSIONS 
OF   CRYSTALS. 


S34.  Dutortion  in  QeneraL- 
other  wordB,  ilieir  distortion, 
being  lurger  and  others  Hnialle] 
other  band,  it  muy  be  si/miiietri 
of  a  group  or  ajalem  different 
iormer  caiie  is  tlic  common  rule, 

235.  In^;nlar  Diitortioo. 

434.  435. 


-The  variations  in  the  fomiB  of  crystala,  or,  in 
may  be  irregular  iu  character,  certain  faces 
'  than  ill  the  ideal  geometrical  solid.     On  tbe 
cat,  giving  to  the  distorted  form  the  symmetry 
fi'om  that  to  whicli  it  actually  belongs.     The 
but  tbe  latter  is  the  more  interesting. 
Ab  stated  abore  HEd  on  p.  11,  all  crystals  eliow 
to  a  greater  or  less  extent  an  irregular 
or  accidental  variation  from  the  ideal 
geometrical   form.    This  distortion,  if 
not  accompanied  by  change  in  the  inter- 
facial  angles,  has  no  particular  signifl- 
ciince,  ana  does  not  involve  any  deviiition 
from  the  laws  of  crystallograpbic  sym- 
metry.    Figs.  434,  435  show  distorted 
crvstaiaof  q^uartz;  tliey  may  be  compared 
t^ig.  436  IS  an  ideal  and  P'ig.  437  an 


actnal  crystal  of  lazulite.     So,  too.  Fig.  438  is  a  distorted  crystal  of  apatite,  to 
be  compared  witli  Fig.  216,  p.  73. 

Tbe  correct  identlQcattoii  of  the  foiiiia  <iti  a  cijala)  Is  reuilered  miicli  more  [lifliciilt 
because  nf  tbis  prevailing  distortioa,  especjallv  wbtru  it  results  iu  ibe  entire  obliuralion  ot 
certain  faces  li;  the  eiilnicenicnl  of  others,  tii  iltcip  lie  ring  the  dislurlcd  crystnlhiic  forma 
H  must  Im  remembt-reil  tuiil  wliilo  tbe  apiicumiice  of  tlie  crystals  niuy  he  entirety  allereii, 
tlie  ioterf  iciiil  nnglcs  remiiin  the  same  :  moreover,  like  fnces  arc  iihysicolly  alike — itint  is, 
alike  ]u  ik'gree  of  luster,  in  slriutioDS.  imil  so  on.  Tlius  tlie  prismatic  faces  of  qUHitz  bliuw 
almost  always  cli am ct eristic  liorizoutal  slriations 

In  addition  to  tbe  variations  in  form  which  have  just  been  described,  slill 
greater  irregularities  arc  due  to  the  fact  that,  in  many  cases,  crystals  iu  nature 
are  attached  either  to  other  crystals  or  to  some  rock  surface,  and  in  consequence 
of  this  are  only  partially  developed,  Tlins  quartz  crystals  are  generally  attached 
by  one  extremity  of  the  prism,  and  hence  have  only  one  set  of  pyramidal  faces; 
perfectly  formetl  crystals,  having  the  double  pyramid  complete,  are  rare. 

236.  Symmetrioal  Distortion. — The  most  interesting  examples  of  the  sym- 
metrical distortion  of  crystallint'  forms  are  found  among  crystals  of  the 
isometric  system.    An  elongation  in  the  direction  of  one  cubic  axis  may  give 
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tbe  appearance  of  tetragonal  Bymmetrj,  or  that  in  the  direction  of  two  cubio 
axes  of  orthorhombic  symmetry;  while  in  the  direction  of  an  octahedral  axis 
a  lengthening  or  shortening  gives  rise  to  forms  of  apparent  rhombohedral 
symmetry,     fjuch  cases  are  common  with  native  gold,  silver,  and  copper. 

A  cube  leiiRlbcDed  or  sborlentil  alont'  cue  axis  becomes  a  right  square  prum,  and  if 
varieii  in  tbe  dliectlou  of  Iwu  axes  is  chiiaged  1o  a  rectangular  prism.  Cubes  of  pyrite. 
galena,  Suorite,  etc.,  are  often  tbiis  disioriM.  It  is  very  unusual  to  Sad  a  cubic  crystal 
thai  is  a  true  ajmmelrlcnl  cube.  Iti  some  species  the  cube  or  oclabcdron  (or  otber  Isometric 
form)  is  Icnglbened  iuto  a  capillary  crystal  or  ueedle,  as  bappeoB  !□  cuprite  aud  pyrite. 

An  octAhedron  AiiIfenMi  parallel  to  a  face — ttiat  is,  iu  the  directioo  of  a  trigontil  iuleraxis — 
is  reducifd  to  a  tabular  crystal  reswnbling  a  rbombobedral  crystal  wllb  basal  plane  (Fig. 
489).  If  lengVitiud  in  tbe  same  directiou.  to  tbe  nbliterution  of  tbe  termloal  oclahedm) 
faces,  it  becomes  an  acute  rhombobedron  (cf.  Fjg.  440). 

439.  440.  441. 


When  an  octahedron  Is  ezleuded  in  tbe  direction  of  a  line  belwceu  two  opposite  edges, 
or  tbat  of  a  rhombic  iuteraxis,  it  has  llie  general  form  of  a  rectangular  oclabedroa ;  aud 
still  farlLer  extended,  as  in  Fig.  441,  il  is  clianged  to  a  rhombic  prtem  with  dihedral  siinr- 
miU  (apinel,  fluorite,  magnetite).     Tbe  fienre  represenls  this  prism  lying  on  its  acute  edee. 

The  dotUeahedron  leDgtheeed  in  the  uirectiun  of  a  diagonal  between  the  obtuse  solid 


442. 


443. 


444. 


445. 


ausles— that  is,  that  of  a  trigonal  intcrax is— becomes  n  siX'Sided  prism  with  ibrec  side<i  sum* 
mils,  as  in  Tig.  443.  If  shortened  in  the  same  liiicclion,  it  becomes  a  ahori  jirism  of  the 
same  kind  (Fig.  443).  Both  resemble  rliombohedrul  forms  and  are  cimiinon  in  garnet 
(compare  Fie.  234,  p,  78,  of  calcite).  When  ieoglhened  in  the  direction  of  one  of  the  cubic 
axes,  tbe  diidei-nbcaron  becomes  a  square  prism  with  pyramidal  summits  (Fi;;.  444),  nnd 
sliorlened  along  tbe  same  axis  it  is  reduced  to  a  square  eclahcilrou.  with  truncated  basal 
angles  (Fig.  446). 

The  tiTipezobedron  elongated  in  the  direction  of  an  ocliihedral  (trigonal)  axis  assumes 
Thnnibobi^dral  (irii^mil)  symmetry.  The  resulting  forms  referred  to  the  usual  hexagon al 
axes  for  both  (311)  and  (Sll)  ace  as  follows: 


(211)  (1014) 
(21!)  (13S3) 
(112)        (lOlO) 


(811)  (3035) 
(311)  (3343) 
(Sin        (4041) 
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For  (Sin  ibe  retulting  form  fa  am  that  of  Ftg.  446.  and  if  still  farther  lengtheQcd,  to  the 
ubliieration  of  some  of  ihe  tacee,  U  becomes  a  BcaleDohedron  (Fig  447).  This  Iiub  been 
obaerred  Id  Buorfte.    OdI;^  twelve  faces  are  here  present  out  of  the  twenty-four.    If  the 


elongation  of  Ibis  trapezofaedrou  (311)  takes  place  along  a  cubic  axis,  It  becomes  a  double 
eigbt-aided  pyramid  wflli  four-sided  summiis  (Fig.  448);  or  if  ihese  summit  planea  are 
obliterated  by  a  farther  eilension,  it  becomes  a  complete  elghlsided  double  pyramid 
(Fie.  449). 

The  accompBoylog  figures  tllualraCe  the  rhomboliedral  distortion  of  llie  tmpczohedrou 
(811),  cf.  Pig.  93,  p.  88.    Fig.  450  shows  the  faces  as  projected  on  a  pinna  uormiil  to  an 

460.  461.  463.  453. 


oclahedral  axis,  and  Ftg.   451  gives  the  resulting  distorted   form,  resembling  nil  iiciile 

rhom bolted rou  (4041),  a  diagoDal  pyramid  (2343),  and  nn  obtuse  terminul  rliiimlwlicilniii 

^g^  ^gg  (203S).     The  native  gold  from  tht-  White  Bull  uiinr. 

Oregon,   souietimca  consists  of  n  sb-uiler  )^triu|j'  nf 

such  rbombohcdriil  crystals,  and  not  infri'tiUMilly 

there  are  minor  brandies  in  the  direction  of  two  or 

more  of  the  other  octahedral  axes  (Figs.  453,  453). 

The  Irlsoclfthcdroi)  is  rare  ns  a  prominent  form, 

but  a  curions  example  of  its  distortion  is  given  iu 

Figs.  454,  4,15  of  pyiite  from  French  Creek.  Penn, 

The  form,  appnrently  tetrngonnl  (or  ortborhoiiiliic), 

shows  only  eight  faces  of  the  tri«ictnbeiIrou  r(3S3), 

nnd  these  are  strongly  rounded ;  faces  of  the  pyrilo- 

hedron  »  {310)  also  appear  as  a  subordinate  form. 

Similarly  the  tetrabexitbedroii  and  brxocialiedron 

d.     Further  examples  are  to  be  found  in  the  other 
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3.  IMPERFECTIONS  OF  THE  SURFACES  OF  CRYSTALS. 

237.  Striationa  Dne  to  Oscillatory  Combinatioiu. — The  parallel  lines  or 
furrows  on  the  surfaces  of  crystals  are  called  strits  or  striations,  and  such 
surfaces  are  said  to  be  striated. 

Each  little  ridge  on  a  striated  surface  is  enclosed  by  two  narrow  planes 
more  or  less  regular.  These  planes  often  correspond  in  position  to  different 
f!ice§  of  the  crystal,  and  these  ridges  have  been  formed  by  a  continued 
oscillation. ill  the  operation  of  the  causes  that  give  rise,  when  acting  uoiuter- 
ruptedly,  to  enlarged  faces.  By  this  means,  the  surfaces  of  a  crystal  are 
marked  in  parulleriiues,  with  a  succession  of  narrow  planes  meeting  at  an 
angle  and  constituting  the  ridges  referred  to. 

This  combination  of  different  planes  in  the  formation  of  a  surface  has  been 
termed  ofciUatort/  covibtnation.  The  horizontal  striations  on  prismatic 
crystals  of  quartz  ai'e  examples  of  this  combination,  in  which  the  osciiiiitlon 
has  taken  place  between  the  prismatic  and  rhombohedral  faces.  Thus 
crystals  of  quartz  are  often  tapered  to  a  point,  without  the  usual  pyrtimidal 
terminations. 

Other  examples  are  the  striations  on  the  cubic  faces  of  pyrite  parallel  to 
the  intersections  of  the  cube  with  the  faces  of  the  pyritoliedron;  also  the 
striations  on  m^netite  due  to  the  oscillation  between  the  octahfdron  and 
dodecahedron.  Prisms  of  tonrmaline  arc  very  commonly  bounded  vertically 
by  three  convex  surfaces,  owing  to  an  oscillatory  combination  of  the  faces  in 
the  prismatic  zone. 

238.  Striations  Due  to  Repeated  Twinning. — The  striations  of  the  basal 
plane  of  alliite  and  other  tricllnic  feldspars,  also  of  the  rhombohedral  surfaces 

456.  of  some  calcite,  have  been  explained  in  Art.  230  as  due 

to  polyaynthetic  twinning.  This  is  illustrated  by 
Fig.  4'>(i  of  magnetite  from  Port  Henry,  K.  'i. 
(Kemp.) 

239.  HarkingB  &om  Erosion  and  Other  Caosea. — 
The  faces  of  crystals  are  not  uncommonly  uneven,  or 
have  tiie  crystalline  structure  developed  as  a  con- 
sequence of  etching  by  some  chemical  agent.  Cubes 
of  galena  are  often  thus  uneven,  and  crystals  of  lead 
sulphate  (anglesitc)  or  lead  carbonate  (cenissite)  are 
sometimes  jiresent  as  evidence  with  regard  to  the 
cause.  Crystals  of  numerous  otiier  species,  even  of 
Mngnciiie.  corundum,  spiuol,  quartz,  etc.,  sometimes   show   the 

same  result  of  partial  change  over  the  surface — often  the  incipient  stcge  in  a 
I)roces8  tending  to  a  final  removal  of  the  whole  crystal.  Interesting  investiga- 
tions have  been  made  by  various  authors  on  the  action  of  solvents  on  differeDt. 
minerals,  the  actual  structure  of  the  crystals  being  developed  in  this  way. 
This  method  of  etching  is  fully  discussed,  with  illustrations,  in  another  place 
(Art.  268). 

The  markings  on  the  surfaces  of  crystals  are  not,  however,  always  to  be 
ascribed  to  etching.  lu  moat  cases  such  depressions,  as  well  as  the  minute 
elevations  upon  the  faces  having  the  form  of  low  pyramids  (so-called  liaiial 
prominences),  are  a  part  of  the  original  molecular  growth  of  the  crvstal,  and 
often  serve  to  show  the  successive  stages  in  its  history.  They  may  be  imper- 
fections arising  from  an  interrupted  or  disturbed  development'of  the  form,  the 
jwrfectly  smooth  and  even  crystalline  faces  being  the  result  of  completed 
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action  free  from  disturbing  causes.  Examplee  of  the  ma.'kingB  referrec]  to 
occar  on  the  crjatiils  of  most  minerals,  and  conspicuously  so  on  the  rhombo- 
hedral  faces  of  quartz. 

Faces  of  crystals  are  often  marked  with  angular  elevations  more  or  less 
distinct,  which  are  due  to  oscillatory  combination.  Octahedrons  of  fluorite 
are  common  which  have  for  each  face  a  surface  of  minute  cubes,  proceeding 
from  an  oscillation  between  the  cube  and  octahedron.  Sometimes  an  examina- 
tion of  such  a  crystal  shows  that  though  the  form  is  apparently  octahedral, 
there  are  no  octahedral  faces  present  ut  all.  Other  similar  cases  could  be 
mentioned. 

AVhaterer  their  cause,  these  minute  markings  are  often  of  great  importance 
as  revealing  the  true  molecular  symmetry  of  the  crystal.  For  it  follows  from 
the  symmetry  of  crystallization  that  like  faces  mtiEt  be  physically  alike — that 
is,  in  regard  to  their  surface  character;  it  thus  often  happens  that  on  all  the 
crystals  of  a  species  from  a  given  locality,  or  perhaps  from  all  localities,  the 
same  planes  are  etched  or  roughened  alike.  There  is  much  uniformity  on 
the  faces  of  quartz  crystals  in  this  respect. 

240.  Curved  surfaces  may  result  from  (a)  oscillatory  combination;  or  (i) 
some  independent  molecular  condition  producing  curvatures  in  the  laminae  of 
the  crystal;  or  (c)  from  a  mechanical  cause. 

Curved  surfaces  of  theJSrsl  kind  have  been  already  mentioned  (Art.  237). 
A  singular  curvature  of  this  nature  is  seeTi  in  Fig.  457,  of  calcite;  in  the  lower 

Eart  traces  of  a  scalenohedral  form  are  apparent  which  was  in  oscillatory  com- 
ination  with  the  i>rismatic  form. 

Curvatures  of  the  second  kind  sometimes  have  all  the  faces  convex.  This 
is  the  case  in  crystals  of  diamond  (Fig.  458),  some  of  which  arc  aluiost 
spheres.  The  mode  of  curvature,  in  which  all  the  faces  are  equally  convex,  is 
less  common  than  that  in  which  a  convex  surface  is  opposite  and  ]>arallel  to  a 
correspon<ling  concave  surface.  Rhombohedrons  of  dolomite  and  siderite  are 
usually  thus  curved.  The  feathery  curves  of  frost  on  windows  and  the 
flagging-stones  of  pavements  in  winter  are  other  examples.  The  alabaster 
rosettes  from  the  Mammoth  Cave,  Kentucky,  are  similar.  Stibnite  crystals 
flometimes  show  very  remarkable  curved  and  twisted  forms. 


A  third  kind  of  curvature  is  of  mechanical  origin.    Sometimes  crystals 
appear  as  if  they  had  beeu  broken  transversely  into  many  pieces,  a  slight 
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displacement  of  which  has  given  a  curved  form  to  the  prism.  This  is  common 
in  tourmaline  and  beryl.  The  beryls  of  Monroe,  Conn.,  often  present  these 
interrupted  curvatures,  as  represented  in  Fig.  459. 

Crystals  not  infrequently  occur  with  a  deep  pyramidal  depression  occupying 
the  place  of  each  plane,  as  is  often  observed  in  common  salt,  alum,  and  sulphur. 
This  is  due  in  part  to  their  rapid  growth. 

3.    VARIATIONS  IN  THE  ANGLES  OF  CRYSTALS. 

241.  The  greater  part  of  the  distortions  described  in  Arts.  235,  236 
occasion  no  change  in  the  interfacial  angles  of  crystals.  But  those  imper- 
fections that  produce  convex,  curved,  or  striated  faces  necessarily  cause  such 
variations.  Furthermore,  circumstances  of  heat  or  pressure  under  which 
the  crystals  were  formed  may  sometimes  have  resulted  not  only  in  distortion 
of  form,  but  also  some  variation  in  angle.  The  presence  of  impurities  at  the 
time  of  crystallization  may  also  have  a  like  effect. 

Still  more  important  is  the  change  in  the  angles  of  completed  crystals 
which  is  caused  by  subsequent  pressure  on  the  matrix  in  which  they  were 
formed,  as,  for  example,  the  change  which  may  take  place  during  the  more  or 
less  complete  metamorphism  of  the  enclosing  rock. 

The  change  of  composition  resulting  in  pseudomorphous  crystals  (see 
.Art.  252)  is  generally  accompanied  by  an  irregular  change  of  angle,  so  that 
the  pseudomorplis  of  a  species  vary  much  in  angle. 

In  general  it  is  safe  to  affirm  that,  with  the  exception  of  the  irregularities 
arising  from  imperfections  in  the  process  of  crystallization,  or  from  tlie 
subsequent  changes  alluded  to,  variations  in  angles  are  rare,  and  the  constancy 
of  angle  alluded  to  in  Art.  11  is  the  universal  law. 

In  cases  where  a  greater  or  less  variation  in  angle  is  observed  in  the 
crystals  of  the  same  species  from  different  localities,  the  cause  for  this  can 
usually  be  found  in  a  difference  of  chemical  composition.  In  the  case  of 
isoniorphous  compounds  it  is  well  known  that  an  exchange  of  corresponding 
chemically  equivalent  elements  may  take  place  without  a  change  of  form, 
though  usually  accompanied  with  a  slight  variation  in  the  fundamental 
angles. 

The  effect  of  heat  upon  the  form  of  crystals  is  alluded  to  in  Art.  415. 

4.     INTERNAL   IMPERFECTIONS   AND   INCLUSIONS. 

242.  The  transparency  of  crystals  is  often  destroyed  by  disturbed  crystal- 
lization; by  impurities  taken  up  from  the  solution  during  the  process  of 
crystallization;  or,  again,  by  the  presence  of  foreign  matter  resulting  from 
partial  chemical  alteration.  The  general  name,  inchision,  is  given  to  any 
foreign  body  enclosed  within  the  crystal,  whatever  its  origin.  These  inclusions 
are  extremely  common;  they  maybe  gaseous,  liquid,  or  solid;  visible  to  the 
unaided  eye  or  requiring  the  use  of  the  microscope. 

Rapid  crystallization  is  a  common  explanation  of  inclusions.  This  is 
illustrated  by  quartz  crystals  containing  large  cavities  full  or  nearly  full  of 
water  (in  the  latter  case,  these  showing  a  movable  bubble) ;  or,  they  may 
contain  sand  or  iron  oxide  in  large  amount.  In  the  case  of  calcite,  crystalliza- 
tion from  a  liquid  largely  charged  with  a  foreign  material,  as  quartz  sand,  may 
result  in  the  formation  of  crystals  in  which  the  impurity  makes  up  as  much 
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as  two-thirds  of  the  whole  mass;  this  is  seen  in  the  famous  Foutainebleau 
limestone,  and  similarly  in  that  from  other  localities. 

243.  Liquid  and  Oas  Inclusions. — Attention  was  early  called  by  Brewster 
to  the  presence  of  fluids  in  cavities  in  certain  minerals,  as  quartz,  topaz,  bery]^ 
chrysolite,  etc.  In  later  years  this  subject  has  been  thoroughly  studied  by 
Sorby,  Zirkel,  Vogelsang,  Fischer,  Rosenbusch, 
and  others.  The  nature  of  the  liquid  can  often 
be  determined,  as  by  its  refractive  power,  or  by 
special  physical  test  (e.g.,  determination  of  the 
critical  point  in  the  case  of  CO,),  or  by  chemical 
examination.  In  the  majority  of  cases  the  observed 
liouid  is  simply  water;  but  it  may  be  the  salt 
solution  in  which  the  crystal  was  formed,  and  not 
infrequently,  especially  in  the  case  of  quartz, 
liquid  carbon  dioxide  (CO,),  as  first  proved  by 
Vogelsang.  These  liquid  inclusions  are  marked 
as  such,  in  many  cases,  by  the  presence  in  the 
cavity  of  a  movable  bubble  of  gas.  Occasionally 
cavities-  contain  two  liquids,  as  water  and  liquid 
carbon  dioxide,  the  latter  then  inclosing  a  bubble 
of  the  same  substance  as  gas  (cf.  Fig.  460).  Interesting  experiments  can  be 
made  with  sections  showing  such  inclusions  (cf.  literature,  p.  141).  The 
mixture  of  gases  yielded  by  smoky  quartz,  meteoric  iron,  and  other  sub- 
stances, on  the  application  of  heat,  has  been  analyzed  by  Wright. 

In  some  cases  the  cavities  appear  to  be  empty;  if  they  then  have  a  regular 
form  determined  by  the  crystallization  of  the  species,  they  are  often  called 
negative  crystals.  Such  cavities  are  commonly  of  secondary  origin,  as  remarked 
on  a  later  page. 

244.  Solid  Inclusions. — The  solid  inclusions  are  almost  infinite  in  their 
variety.    Sometimes  they  are  large  and  distinct,  and  can  be  referred  to  known 

461.  mineral  species,  as  the  scales  of  gothite  or  hematite,  to 

which  the  peculiar  character  of  aventurine  feldspar  is 
due.  Magnetite  is  a  very  common  impurity  in  many 
minerals,appeariug,  for  example,  in  the  Pennsbury  mica; 
quartz  is  also  often  mechanically  mixed,  as  in  staurolite 
and  gmelinite.  On  the  other  hand,  quartz  crystals 
very  commonly  inclose  foreign  material,  such  as  chlorite, 
tourmaline,  rutile,  hematite,  asbestus,  and  many  other 
minerals.     (Cf.  also  Arts.  245,  246.) 

All  interesting  example  of  Ihe  inclosure  of  one  miuernl  by 
another  is  ntTonled  by  the  annexed  liirures  of  tourmaline  envelop 
ing  orthoelase.*  Fig.  461  shows  the  crystal  of  tourmaline  ;  and 
cross  sections  of  it  at  the  points  indicated  {a,  b,  c)  are  given  bv 
Figs.  462,  463,  464.  The  latter  show  that  the  feldspar  increases 
in  amount  in  the  lower  part  of  the  crystal,  the  tourmaline  being 
merely  a  thin  shell.  Similar  specimens  from  the  sjmie  h)cality 
(Port  Henry,  Essex  Co.,  N.  Y.)  show  that  there  is  no  necessary 
connection  between  the  posititm  of  ihe  tourmaline  and  that  of 
the  feldspar. 

Similar  occurrences  are  those  of  trapezohedrons  of  garnet, 
where  the  latter  is  a  mere  shell,  inclosing  calcite,  or  sometimes  epidote  or  quartz  (Fig.  472). 


♦  E.  H.  Williams.  Am.  .T.  Sc,  11,  273,  1876. 
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Tlie  inclusionB  may  consist  of  a  heterogeneons  mass  of  material ;  as  the 

f;ranitic  matter  seen  in  orthoclase  crystals  in  a  porphyritic  granite;  or  tie 
eldspar,  quartz,  etc.,  eometimes  inclosed  in  large  coarse  crystals  of  beryl  or 
«poduniene,  occurring  in  granite  veins. 

245.  Hicrolites,  Crystulitei. — The  microscopic  crystals  observed  as  inclu- 
sions may  sometimes  be  referred  to  known  species,  but  more  generally  tlieir 
true  nature  is  doubtful.  The  term  microlUes,  proposed  by  Vogelsang,  is  often 
used  to  designate  the  minute  inclosed  crystals;  they  are  generally  of  needle- 
like form,  sometimes  quite  irregular,  and  often  very  remarkable  in  their 
arrangement  and  groupings;  some  of  them  are  exhibited  in  Fig.  470  and  Fig. 
4T1,  as  explained  below-  Where  the  minute  individuals  belong  to  known 
species  tliey  are  called,  for  example,  feldspar  microlitea,  etc. 

C'ryslaUilex  is  an  analogous  term  used  by  Vogelsang  to  cover  those  niinnte 
forms  which  have  not  the  regular  exterior  form  of  crystals,  but  may  be  con- 
sidered as  intermediate  between  amorphous  matter  and  true  crystals.    Some  of 


the  forms  are  shown  in  Figs,  4G5-469;  they  are  often  observed  in  glasiiy  vol- 
canic rocks,  and  also  in  fn mace-slags.  A  Beriea  of  names  bus  been  given  to 
varieties  of  eryatallitcs,  such  as  giobnlitcs,  iiiargurites,  etc,  Trichite  and 
belonite  are  names  introduced  by  Zirkol;  the  former  name  is  derived  from 
&plS,  hair;  tricbites,  like  that  in'Fig.  4Gi),  are  common  in  obsidian. 

The  microscopic  inclusions  may  also  be  of  an  irregular  glassy  nature;  this 
kind  is  often  observed  in  crystals  which  have  formed  from  a  molten  mass,  as 
lava  or  the  slag  of  an  iron  furnace. 

246.  Symmetrically  Arranged  Inclaslons. — In  general,  while  the  solid 
inclusions  sometimes  occur  qnite  irregularly  in  the  crystals,  tbey  are  more 
generally  arranged  with  some  evident  reference  to  the  symmetry  of  the  form, 
or  external  faces  of  the  crystals.    Examples  of  this  are  shown  in  the  following 
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firnres.    Fig.  470  exhibits  a  crystal  of  aiigite,  inclosing  DiHgDetite,  feldsj^ar 
and  nephelite  niicrolites,  etc.     Fig.  47L  shows  a  crystal  of  leucite,  a  species 


whose  crystals  very 


a  crystal  of  garnet,  containing  quartz. 
473. 


ily  inclose  foreign  matter.    Fig.  472  shows  a  sectiou 


Audaluslte. 

Another  striking  example  is  afforded  by  andalusite  (Fig.  473),  in  which  the 
inclosed  carbouaceons  impurities  are  of  considerable  extent  and  remarkably 
arran^d,  so  as  to  yield  symmetrical  figures  of  various  forms.  Stanrolite 
occasionally  shows    analogous    carbonaceous    impurities  474. 

symmetrically  distributed. 

The  magnetite  common  as  an  inclusion  in  muscovite, 
alluded  to  above,  is  always  symmetrically  disposed,  usually  - 
parallel  to  the  directionsof  the  percussion-figure  (Fig.  477, 
p.l49).  The  asterism  of  pblogopite  is  explained  by  the  pres- 
ence of  symmetrically  arranged  inelusiona  (cf.  Art.  348). 

Fir.  474  bIiows  an  lolerestiug  case  of  syininelrically  arrao^ed 
IncluBlone  due  to  chemical  altcratloD.    Tlic  orlglDnl  nilQural,  Bpcidii- 
meae.  from  Brniichvillc,  Coon..  Iins  been  altered  to  a  e   ' 
apparently  homogeneoiia  to  Ibe  eye,  but  found  under  llie  ml  . 

to  have  tbe  Biructure  sliown  in  Fie.  474.     Chemical  nnalysis  proves  a 
tlie  base  10  be  albite  and  the  iDcTosed  hexagonal  mlncml  to  be  a 
litbtum  lillcate  (LiAISiO,)  called  eucryptiie.    It  has  not  yet  been  identified  except  in  Ibla 
fonn. 

LlTEltiTUKK. 

Some  of  the  most  important  workB  on  tbe  subject  of  microscopic  inclusions  are  referred 
to  here;  for  a  fuller  list  of  papers  reference  may  be  made  to  the  work  of  Rosenbusch(1873, 
1892) ;  also  that  of  Zirkel  and  others  mentioned  on  p.  4. 

BrewBter.     Uany  papei^,  puIiKsbeil   mostly  In  the  Philosopbical  Magazine,  and  tbe 


Edinburgh  Phil.  Jourtial,  from  1822-18S8. 

Blnm,  Leonhard.  Bayfert,  and  SSohtlng.    Die  EiuBchlusse  v 
eirten  Mlneralieo.    Haarlem,  1854.    (Frelsscbrift.) 
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CRYSTALLINE  AGGREGATES. 

247.  The  greater  part  of  the  Bpecimens  or  masses  of  minerals  that  occur 
may  be  described  as  aggregations  of  imperfect  crystals.  Many  specimens 
whose  structure  appears  to  the  eye  quite  homogeneous,  and  destitute  internally 
of  distinct  crystallization,  can  be  shown  to  be  composed  of  ciystalline  grains. 
Under  the  above  head,  consequently,  are  included  all  the  remaining  varieties 
of  structure  among  minerals. 

The  individuals  composing  imperfectly  crystallized  individuals  may  be: 

1.  Columns  y  or  fibers,  in  which  case  the  structure  is  cohimnar  or  fibrous, 

2.  TJdn  lamijicBj  producing  a  lamellar  structure. 

3.  Grains,  constituting  a  granular  structure. 

248.  Columnar  and  Fibrous  Structure. — A  mineral  possesses  a  colvmnar 
structure  when  it  is  made  up  of  slender  columns,  as  some  ampliibole.  When 
the  individuals  are  flattened  like  a  knife-blade,  as  in  cyanite,  the  structure  is 
said  to  be  hladed. 

The  structure  again  is  cvMq^  fibrous  when  the  mineral  is  made  up  of  fibers, 
as  in  asbestus,  also  the  satin -spar  variety  of  gypsnm.  Tlie  fibers  may  or  may 
not  be  separable.  There  are  many  gradations  between  coarse  columnar  and 
fine  fibrous  structures.     Fibrous  minerals  have  often  a  silky  luster. 

The  following  are  properly  varieties  of  columnar  or  fibrous  structure: 

Ihticnlated :  when  the  fibers  or  columns  cross  in  various  directions  and 
produce  an  appearance  having  some  resemblance  to  a  net. 

Stellated :  when  they  radiate  fron  a  center  in  all  directions  and  produce 
star-like  forms.     Ex.  stilbite,  wavellite. 

Radiated,  divergent:  when  the  crystals  radiate  from  a  center  without 
producing  stellar  forms.     Ex.  quartz,  stibnite. 

249.  Lamellar  Structure. — The  structure  of  a  mineral  is  lamellar  when  it 
consists  of  plates  or  leaves.  The  laminae  may  be  curved  or  straight,  and  thus 
give  rise  to  the  curved  lamellar  and  straight  lamellar  structure.  Ex.  wollas- 
tonite  (tabular  spar),  some  varieties  of  gypsum,  talc,  etc.  If  the  plates  are 
approximately  parallel  about  a  common  center  the  structure  is  said  to  be 
concentric.  When  the  laminae  are  thin  and  separable,  the  structure  is  said  to 
be  foliaceous  or  foliated.  Mica  is  a  striking  example,  and  the  term  micaceous  is 
often  used  to  describe  this  kind  of  structure. 
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250.  Oranular  Structure. — The  particles  Id  a  granular  structure  differ  much 
in  size.  When  coarse,  the  mineral  is  described  as  coarse-granular;  when  fine, 
fine-granular;  and  if  not  distinguishable  by  the  naked  eye,  the  structure  is 
termed  impalpable.  Examples  of  the  first  may  be  observed  in  granular  crystal- 
line limestone,  sometimes  called  saccharoidal ;  of  the  second,  in  some  varieties 
of  hematite  ;  of  the  last,  in  some  kinds  of  sphalerite. 

The  above  terms  are  indefinite,  but  from  necessity,  as  there  is  every  degree 
of  fineness  of  structure  among  mineral  species,  from  perfectly  impalpable, 
through  all  possible  shades,  to  the  coarsest  granular.  The  term  phanero-crgS' 
ialline  has  been  used  for  varieties  in  which  the  grains  are  distinct,  and  crypto^ 
crystalline  for  those  in  which  they  are  not  discernible,  although  an  indistinct 
crystalline  structure  can  be  proved  by  the  microscope. 

Granular  minerals,  when  easily  crumbled  in  the  fingers,  are  said  to  be 
friable. 

251.  Imitative  Shapes.  —  The  following  are  important  terms  used  in 
describing  the  imitative  forms  of  massive  minerals. 

Reniform:  kidney-shaped.  The  structure  may  be  radiating  or  concentric. 
Ex.  hematite. 

Botryoidal:  consisting  of  a  group  of  rounded  prominences.  The  name  is 
derived  from  the  Greek  (iorpo^^  a  bunch  of  grapes.  Ex.  limonite,  chalcedony, 
prehnite. 

Mammillary :  resembling  the  botryoidal,  but  composed  of  larger  prominen- 
ces.    Ex.  malachite. 

Globular:  spherical  or  nearly  so;  the  globules  may  consist  of  radiating 
fibers  or  concentric  coats.  When  attached,  as  they  usually  are,  to  the  surface 
of  a  rock,  they  are  described  as  implanted  globules. 

Nodular:  in  tuberose  forms,  or  having  irregular  protuberances  over  the 
surface. 

Amygdaloidal :  almond-shaped,  applied  often  to  a  rock  (as  diabase)  con- 
taining almond-shaped  or  sub-globular  nodules. 

Coralloidal :  like  coral,  or  consisting  of  interlaced  flexuous  branchings  of  a 
white  color,  as  in  the  variety  of  aragonite  QdX\e&  flos  ferri. 

Deiidritic:  branching  tree-like,  as  in  crystallized  gold.  .The  term  den- 
drites is  used  for  similar  forms  even  when  not  crystalline,  as  in  the  dendrites 
of  manganese  oxide,  which  form  on  surfaces  of  limestone  or  are  inclosed  in 
"  moss-agates." 

Mossy :  like  moss  in  form  or  appearance. 

Filiform  or  Capillary :  very  slender  and  long,  like  a  thread  or  hair;  con- 
sists ordinarily  of  a  succession  of  minute  crystals.     Ex.  millerite. 

Acicular :  slender  and  rigid,  like  a  needle.     Ex.  stibnite. 

Reticulated:  net-like.     See  Art.  248. 

Drusy :  closely  covered  with  minute  implanted  crystals.     Ex.  quartz. 

Stalactitic:  when  the  mineral  occurs  in  pendent  columns,  cylinders,  or 
elongated  cones.  Stalactites  are  produced  by  the  percolation  of  water,  holding 
mineral  matter  in  solution,  through  the  rocky  roofs  of  caverns.  The  evapora- 
tion of  the  water  produces  a  deposit  of  the  mineral  matter,  and  gradually 
forms  a  long  penaent  cylinder  or  cone.  The  internal  structure  may  be 
imperfectly  crystalline  and  granular,  or  may  consist  of  fibers  radiating  from 
the  central  column,  or  there  may  be  a  broad  cross-cleavage.  The  most  familiar 
example  of  stalactites  is  afforded  by  calcite.  Chalcedony,  gibbsite,  limonite, 
and  some  other  species,  also  present  stalactitic  forms. 

The  term  amorphous  is  used  when  a  mineral  has  not  only  no  crystalline 
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form  or  imitative  shape,  but  does  not  polarize  the  light  even  in  its  minute 
particles,  and  thus  appears  to  be  destitute  wholly  of  a  crystalline  structure 
internally,  as  most  opal.  Such  a  structure  is  also  called  colloid  or  jelly-like^ 
from  the  Greek  KoXXa  (see  p.  6),  for  glue.  The  word  amorphous  is  from  a 
privative,  and  piopip?^,  shape. 


262.  Psendomorphous  ^rystala. — Every  mineral  species  has,  when  distinctly 
crystallized,  a  definite  and  characteristic  form.  Occasionally,  however,  crystals 
are  found  that  have  the  form,  both  as  to  angles  and  general  habit,  of  a  certain 
species,  and  yet  diflEer  from  it  entirely  in  chemical  composition.  Moreover,  it 
is  often  noted  in  such  cases  that,  though  in  outward  form  complete  crystals^ 
in  internal  structure  they  are  granular,  or  waxy,  and  have  no  regular  cleavage. 
Even  if  they  are  crystalline  in  structure  the  optical  characters  do  not  conform 
to  those  required  by  the  symmetry  of  the  faces. 

Such  crystals  are  called  psetidomorphs,  and  their  existence  is  explained  by 
the  assumption,  often  admitting  of  direct  proof,  that  the  original  mineral  has 
been  changed  into  the  new  compound;  or  it  has  disappeared  through  some 
agency,  and  its  place  been  taken  by  another  chemical  compound  to  which  the 
form  does  not  belong.  In  all  these  cases  the  new  substance  is  said  to  be  a 
pseudomorpJi  after  the  original  mineral. 

Common  illustrations  of  pseudomorphous  crystals  are  afforded  by  malachite 
in  the  form  of  cuprite,  limonite  in  the  form  of  pyrite,  barite  in  the  form  of 
quartz,  etc.  This  subject  is  further  discussed  in  the  chapter  on  Chemical 
Mineralogy. 


PART  11.  PHYSICAL  MINERALOGY. 


253.  The  physical  characters  of  minerals  fall  under  the  following 
heads : 

I.  Characters  depending  upon  Cohesion  and  Elasticity — viz.,  cleavage^, 
fracture,  tenacity,  hardness,  elasticity,  etc. 

II.  Specific  Gravity,  or  the  Density  compared  with  that  of  water. 

III.  Characters  depending  upon  Light — viz.,  color,  luster,  degree  of  trans- 
parency, special  optical  properties,  etc. 

IV.  Characters  depending  upon  Heat — viz.,  heat-conductivity,  change  of 
form  and  of  optical  characters  with  change  of  temperature,  fusibility,  etc. 

V.  Characters  depending  upon  Electricity  and  Magnetism, 

VI.  Characters  depending  upon  the  action  of  the  senses — viz.,  taste^ 
odor,  feel. 

254.  General  Eelation  of  Physical  Characters  to  Molecular  Structure. — It 
has  been  stated  on  pp.  5,  6  that  the  geometrical  form  of  a  crystallized  min- 
eral is  the  external  evidence  of  the  internal  molecular  structure.  A  full 
knowledge  in  regard  to  this  structure,  however,  can  onlv  be  obtained  by 
the  study  of  the  various  physical  characters  included  in  the  classes  enumerated 
above. 

Of  these  characters,  the  specific  gravity  merely  gives  indication  of  th& 
atomic  mass  of  the  elements  present,  and  further,  of  the  state  of  molecular 
aggregation.  The  first  of  these  points  is  illustrated  by  the  high  specific? 
gravity  of  compounds  of  lead;  the  second,  by  the  distinction  observed,  for 
example,  between  carbon  in  the  form  of  the  diamond,  with  a  specific  gravity 
of  3*5,  and  the  same  chemical  substance  as  the  mineral  graphite,  with  a  specific 
gravity  of  only  2. 

All  the  other  characters  (except  the  relatively  unimportant  ones  of  Class 
VI)  in  general  vary  according  to  the  direction  in  the  crystal;  in  other  words,, 
they  have  a  definite  orientation.  For  all  of  them  it  is  true  that  directions 
which  are  crystallographically  identical  have  like  physical  characters, 

Ii> regard  to  the  converse  proposition — viz.,  that  in  all  directions  crystal- 
logrdphically  dissimilar  there  may  be  a  variation  in  the  physical  characters,  an 
important  distinction  is  to  be  made.  This  proposition  holds  true  for  all 
crystals,  so  far  as  the  characters  of  Class  I  are  concerned;    that  is,  those 
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depending  upon  the  cohesion  and  elasticity,  as  shown  in  the  cleavagej  hard- 
ness, the  planes  of  molecular  gliding,  the  etching- tigures,  etc.  It  is  also  true 
in  the  case  of  pyro-electricity  and  piezo-electricity. 

It  does  not  apply  in  the  same  way  with  respect  to  the  characters  which 
involve  the  propagation  of  light  (and  radiant  heat),  the  change  of  volume  with 
change  of  temperature;  further,  electric  radiation,  magnetic  induction,  etc. 

Thus,  although  it  will  be  shown  that  the  optical  characters  of  crystals  are 
in  ao^reement  in  general  with  the  symmetry  of  their  form,  they  do  not  show 
all  the  variations  in  this  symmetry.  It  is  true,  for  example,  that  all  directions 
are  optically  similar  in  a  crystal  belonging  to  any  group  under  the  isometric 
system;  but  this  is  obviously  not  true  of  its  molecular  cohesion,  as  may  be 
shown  by  the  cleavage.  Again,  all  directions  in  a  tetragonal  crystal  at  right 
angles  to  the  vertical  axis  are  optically  similar;  but  this  again  is  not  true  of 
the  cohesion.  These  points  are  further  elucidated  under  the  description  of 
the  special  characters  of  each  group. 


I.  CHARACTERS  DEPENDING  UPON  COHESION  AND 

ELASTICITY. 

255.  Cohesion,  Elasticity. — The  name  cohesion  is  ^vep  to  the  force  of 
attraction  existing  between  the  molecules  of  one  and  the  same  body,  in  con- 
sequence of  which  they  offer  resistance  to  any  influence  tending  to  separate 
them,  as  in  the  breaking  of  a  solid  body  or  the  scratching  of  its  surface. 

Elasticity  is  the  force  which  tends  to  restore  the  molecules  of  a  body  back 
into  their  original  position,  from  which  they  have  been  disturbed,  as  when  a 
body  has  suffered  change  of  shape  or  of  volume  under  pressure. 

The  varying  degrees  of  cohesion  and  elasticity  for  crystals  of  different 
minerals,  or  for  different  directions  in  the  same  crystal,  are  shown  in  the 
prominent  characters:  cleavage,  fracture,  tenacity,  hardness;  also  in  the 
gliding-planes,  percussion-figures  or  pressure- figures,  and  the  etching-figures. 

256.  Cleavage. — Cleavage  is  the  tendency  of  a  crvstallized  mineral  to 
break  in  certain  definite  directions,  yielding  more  or  less  smooth  surfaces. 
It  obviously  indicates  a  minimum  vahie  of  cohesion  in  the  direction  of  easy 
fracture — that  is,  normal  to  the  cleavage-plane  itself.  The  cleavage  parallel  to 
the  cubic  faces  of  a  crystal  of  galena  is  a  familiar  illustration.  An  amorphous 
body  (p.  6)  necessarily  can  show  no  cleavage. 

As  stated  in  Art.  31,  the  consideration  of  the  molecular  structure  of 
crystals  shows  that  a  cleavage-plane  must  be  a  direction  in  which  the  molecules 
are  closely  aggregated  together;  while  normal  to  this  the  distance  between 
successive  layers  of  molecules  must  be  relatively  large,  and  hence  this  last  is 
the  direction  of  easy  separation.  It  further  follows  that  cleavage  can  exist 
only  parallel  to  some  possible  face  of  a  crystal,  and,  further,  that  this  must  be 
one  of  the  common  fundamental  forms.  Hence  in  cases  where  the  choice  in 
the  position  of  the  axes  is  more  or  less  arbitrary  the  presence  of  cleavage  is 
properly  regarded  as  showing  which  planes  should  be  made  fundamental. 
Still  again,  cleavage  is  the  same  in  all  directions  in  a  crystal  which  are 
crystallographically  identical. 
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Cleavage  is  defined,  (1)  according  to  its  direction,  as  cubic,  octahedral^ 
rlioinbohedral,  basal,  prismatic,  etc.  Also,  (2)  according  to  the  ease  with 
which  it  is  obtained,  and  the  smoothness  of  the  surface  yielded.  It  is  said  to 
be  perfect  or  eminent  when  it  is  obtained  with  great  ease,  affording  smooth, 
lustrous  surfaces,  as  in  mica,  topaz,  calcite.  Inferior  degrees  of  cleavage  are 
spoken  of  as  distinct,  indistinct  or  imperfectji'  interirupted,  in  traces,  difficult. 
These  terms  are  sufficiently  intelligible  without  further  explanation.  It  may 
be  noticed  that  the  cleavage  of  a  species  is  sometimes  better  developed  in  some 
of  its  varieties  than  in  others. 

257.  Cleavage  in  the  Different  Syiteme. — (1)  Id  the  isometric  system,  cleavage  is  cubic, 
when  parallel  to  the  faces  of  the  cube;  this  Is  the  common  case,  as  illustrated  by  galena 
and  halite.  It  is  also  often  octaliedral — that  is,  parallel  to  the  octahedral  faces,  as  with 
fluorite  and  the  diamond.  Less  frequently  it  is  dodecaJudral,  or  parallel  to  the  faces  of  the 
rhombic  dodecahedron,  as  with  sphalerite. 

In  the  TETRAGONAL  SYSTEM,  cleavage  is  often  basal,  or  parallel  to  the  basal  plane,  as 
with  apophyllite;  2A%o  prismatic,  or  parallel  to  one  (or  both)  of  the  square  prisms,  as  with 
rutile  and  wernerite;  less  frequently  it  is  pyi'amidal,  or  parallel  to  the  faces  of  the  square 
pymmid,  as  with  scheelite. 

In  the  UEXAOONAL  SYSTEM,  cleavage  is  usually  either  basal,  as  with  beryl,  or  prisinatic, 
parallel  to  one  of  the  six-sided  prisms,  as  with  nephelite;  pyramidal  cleavage,  as  with 
pyromorphite,  is  nire  and  imperfect. 

In  the  RHOMBOUBDRAL  DIVISION,  bcsidcs  the  basal  and  prismatic  cleavages,  rliombo- 
hedral  cleavage,  parallel  to  the  faces  of  a  rhombohedrou,  is  also  common,  as  with  calcite 
and  the  allied  species. 

In  the  ORTHORHoMBic  SYSTEM,  clcavage  parallel  to  one  or  more  of  the  pinacoids  is 
•common.  Thus  it  is  basal  with  topaz,  and  in  all  three  pinacoidal  directions  with  anhydrite. 
Prismatic  cleavage  is  also  common,  as  with  barite;  in  this  case  the  arbitrary  position 
assumed  in  describing  the  crystal  may  make  this  cleavage  parallel  to  a  '*  horizontal 
prism,"  or  dome. 

In  the  MONOCLiNic  system,  clinodiagonal  cleavage,  parallel  to  the  clinopinacoid,  is 
common,  as  with  orthoclase,  gypsuip,  heulaiidite  and  euclase ;  also  basal,  as  with  the 
micas  and  orthoclase.  or  parallel  to  the  orthopinacoid;  also  prismatic,  as  with  amphibole. 
Less  frequently  cleavage  is  parallel  to  a  hemi-pyramid,  as  with  gypsum. 

In  the  TRiCLiNic  system,  it  is  usual  and  proper  to  so  select  the  fundamental  form  as  to 
make  the  cleavage  directiens  correspond  with  the  pinacoids. 

258.  In  some  cases  cleavage  which  is  ordinarily  not  observed  may  be  developed  by  a 
«harp  blow  or  by  sudden  change  of  temperature.  Thus,  quartz  is  usually  conspicuously- 
free  from  cleavage,  but  a  quartz  cryslnl  heated  and  plunged  into  cold  water  often  shows 
planes  of  separation*  parallel  to  both  the  -f-  and  —  rhonibohedrons  and  to  the  prism  as 
well.  Similarly,  the  prismatic  cleavage  of  pyroxene  is  observed  with  great  distinctness  in 
thin  sections,  made  by  grinding,  while  not  so  readily  noted  in  large  crystals. 

When  tbe  cleavage  is  parallel  to  a  closed  form— that  is.  when  it  is  cubic,  'octahedral, 
dodccnhedral,  or  rhombohedral  (also  pyramidal  in  the  tetragonal,  hexagonal,  and  ortho- 
rhombic  systems)— a  solid  resembling  a  crystal  may  often  be  broken  out  from  a  single 
crystalline  individual,  and  all  tbe  fniirments  have  the  same  angles.  It  is,  in  general,  easv 
to  distinguish  such  a  cleavage  form,  as  a  cleavage  octahedron  of  fluorite,  from  a  true 
crystal  by  the  splintery  character  of  tbe  faces  of  the  former. 

269.  Cleavage  and  Luster.— The  face  of  a  crystal  parallel  to  which  there  is  perfect 
cleavasre  often  shows  a  peariy  luster  (see  p.  189),  due  to  the  partial  separation  of  the 
crystal  into  parallel  plates.  This  is  illustrated  by  the  basal  plane  of  apophyllite.  the 
clinopinacoid  of  stilbite  and  heulandite.  An  iridescent  play  of  colors  is  also  often  seen. 
as  with  calcite,  when  the  separation  has  been  sufficient  to  produce  the  prismatic  colors  by 
interference. 

260.  Gliding- planes.— Closely  related  to  the  cleavage  directions  in  their 
connection  with  the  cohesion  of  the  molecules  of  a  crystal  are  the  gliding- 


♦Lchmann  (Zs.  Kryst..  11,  608,  1886)  and  Judd  (Min.  Mag.,  8,  7,  1888)  regard  these 
as  gliding-planes  (see  Art.  260). 
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planes,*  or  directions  parallel  to  which  a  slipping  of  the  molecules  may  take 
place  under  the  application  of  mechanical  force,  as  by  pressure. 

This  may  have  the  result  of  simply  producing  a  separation  into  layers  in 

the  given  direction,  or,  on  the  other  nana,  and  more  commonly,  there  may  be 

475  a  revolution  of  the  molecules  into  a  new  twinning- 

position,    so    that    secondary    twinning-lamellm    are 
formed. 

Thus,  if  a  crystal  of  halite,  or  rock  salt,  be  sub- 
jected to  gradual  pressure  in  the  direction  of  a  dodec- 
ahedral  face,  a  plane  of  separation  is  developed  normal 
to  this  and  hence  in  the  direction  of  another  face  of 
the  same  form.  There  are  six  such  directions  of 
molecular  slipping  aiid  separation  in  a  crystal  of  this 
substance.  Certain  kinds  of  mica  of  the  biotite  clasa 
often  show  pseudo-crystalline  faces,  which  are  undoubt- 
Biotite.  edly  secondary  in  origin — that  is,  have  been  developed 

by  pressure  exerted  subsequently  to  the  growth  of  the  crystal  (cf.  Fig.  475). 

Id  stibuite,  the  base,  c  (001).  normal  to  the  pbiue  of  perfect  cleavage,  is  a  glidiug-plane^ 
Thus  a  slippiDg  of  the  molecules  without  their  separation  may  be  mnde  to  ttike  place  by 
pressure  in  a  plane  {\c)  normal  to  the  direction  of  perfect  cle<ivage  {\h).  A  slender  pris- 
matic crystal  supported  near  the  ends  and  pressed  downward  by  a  dull  eilge  is  readily  bent, 
or  knicked,  in  this  direction  without  the  parts  beyond  the  support  being  alfected. 

261.  Secondary  Twinning. — The  other  case  mentioned  in  the  preceding 
article,  where  molecular  slipping  is  accompanied  by  a  half-revolution  (180°)  of 
the  molecules  into  a  new  twinniug-position  (see  p.  118  et  seq)f\^  well  illustrated 
by  calcite.  Pressure  upon  a  cleavage-fragment  may  result  in  the  formation  of 
a  number  of  thin  lamellae  in  twinning-position  to  the  parent  mass,  the 
twinning-plane  being  the  obtuse  negative  rhombohedron,  e  (Oll2).  Secondary 
twinning-lamellaB  similar  to  these  are  often  observed  in  natural  cleavage- 
masses  of  calcite,  and  particularly  in  the  grains  of  a  crystalline  limestone,  as 
observed  in  thin  sections  under  the  microscope. 

Secondary  twinning-lamellae  may  also  be  produced  (and  are  often  noted  in 
nature)  in  the  case  of  the  triclinic  feldspars,  pyroxene,  barite,  etc.  A  secondary 
lamellar  structure  in  quartz  has  been  observed  by  Judd,  in  which  the  lamellae 
consisted  of  right-handed  and  left-handed  portions. 

By  the  proper  means  a  complete  calcite  twin  may  be  artificially  produced  by  pressure. 
Thus,  if  acleavage-frapmentof  pi-ismatic  form,  say  6-8  mm.  in  lencth  ^ijg 

and  3-6  mm.  in  l)readih.  I)c  placed  with  the  obtuse  edge  on  a  firm 
horizontal  support,  and  pressed  by  the  blade  of  an  ordinary  table- 
knife  on  the  other  obtuse  edge  (at  a.  Fig.  476),  the  result  is  that  the 
portion  of  the  crystal  lying  between  a  and  b  is  revei-sed  in  position, 
as  if  twinned  parallel  to  the  horizontal  plane  (0112).  If  skillfully 
done,  the  twinning  surface,  gee,  is  perfectly  smooth,  and  the  re- 
entrant angle  corresponds  exactly  with  that  required  by  theory. 

262.  Parting. — The  secondary  twinning. planes  described 
are  often  directions  of  an  easy  separation-^conveniently  called  parting — which 
may  be  mistaken  for  cleavage.f  The  basal  parting:  of  pyroxene  is  a  common 
example  of  such  pseudo-cleavage;  it  was  Ions:  mistaken  for  cleavage.  The 
basal  and  rhombohedral  (1011)  and  the  less  distinct  prismatic  (ll50)  parting 


*  From  the  German.  OUitHnchen. 

\  The  lamellar  structune  of  a  massive  mineral,  without  twinning,  may  also  be  the  cause 
of  a  fracture  which  can  be  mistaken  for  cleavage. 
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of  corundum;  the  octahedral  parting  of  magnetite  (cf.  Fig.  456,  p.  136),  are 
other  examples. 

An  important  distinction  between  cleavage  and  parting  is  this:  parting  can 
exist  only  in  certain  definite  planes — that  is,  on  the  surface  of  a  twinuing- 
lamella — while  the  cleavage  may  take  place  in  any  plane  having  the  given 
direction. 

263.  Percassion-figures. — Immediately  connected  with  the  gliding-planes 
:  are  the  figures — gq^Xq^  percussion-figures* — produced  upon  a  crystal  section 
.,  by  a  blow  or  pressure  with  a  suitable  point.     In  sucli  cases,  the  method 
^  described  serves  to  develop  more  or  less  well-defined  cracks  whose  orientation 
varies  with  the  crystallographic  direction  of  the  surface.  477. 

Thus  upon  the  cubic  face  of  a  crystal  of  halite  a  four- 
rayed,  star-shaped  figure  is  produced  with  arms  parallel 
to  the  diagonals — that  is,  parallel  to  the  dodecahedral 
faces.  On  an  octahedral  face  a  three-rayed  star  is  obtained. 
The  percussion-figures  in  the  case  of  the  micas  have 
been  often  investigated,  and,  as  remarked  later,  they  form 
A  means  of  fixing  the  true  orientation  of  a  cleavage-plate 
having  no  crystalline  outlines.  The  figure  (Fig.  477)  is 
here  a  six-rayed  star  one  of  whose  branches  is  parallel  to 
the  clinopinacoid  (^),  the  others  approximately  parallel  to 
the  intersection  edges  of  the  prism  (m)  and  base  (c).f 

Pressure  upon  a  mica  plate  produces  a  less  distinct  six-rayed  star,  diagonal 
to  that  just  named;  this  is  called  a  pressure-figure  (Germ.  DrucJcfldche). 

264.  Solution-planet. — In  the  case  of  many  crystals,  it  is  possible  to  prove  the  existence 
of  cert'iin  directions,  or  structure- planes,  in  which  chemical  action  takes  place  most  readily — 
for  example,  when  a  crystal  is  under  great  pressure.  These  directions  of  chemical  weakness 
have  been  called  solution  planes.  They  often  manifest  themselves  by  the  presence  of  a 
multitude  of  oriented  cavities  of  crystalline  outline  (so-called  negative  crystals)  in  the  given 
<iirection. 

These  solution- planes  in  certain  cnses.  as  shown  by  Judd,  nrc  the  same  as  the  directions 
of  secondary  lamellar  twinning,  as  is  illustrated  by  calcite.  Connected  with  this  is  the 
seliillerizaiion  (see  Art.  848)  observed  in  certain  minerals  in  rocks  (as  diallage,  schiller- 
spar). 

265.  Etching-figures. — Intimately  connected  with  the  general  subjects  here 
considered,  of  cohesion  in  relation  to  crystals,  are  the  figures  produced  by 
etching  on  crystalline  faces  ;  these  are  often  called  etching figtires^X  This 
method  of  investigation,  developed  particularly  by  Baumhauer,  is  of  high 
importance  as  revealing  the  molecular  structure  of  the  crystal  faces  under 
examination,  and  therefore  the  symmetry  of  the  crystal  itself. 

The  etching  is  performed  mostly  by  solvents,  as  by  water  in  some  cases, 
more  generally  the  ordinary  mineral  acids,  or  caustic  alkalies,  also  by  steam  at 
8  high  pressure  and  hydrofluoric  acid ;  the  last  is  especially  powerful  in  its 
action,  and  is  used  frequently  with  the  silicates.     Tlie  figures  produced  are  in 


*  From  the  German,  Sehlngfiguren.  The  percussion -figures  are  best  obtained  if  the 
crystal  plate  under  investigation  be  supported  upon  a  hard  cushion  and  a  blow  be  struck 
^ith  a  light  hammer  upon  a  steel  rod  the  slightly  rounded  point  of  which  is  held  firmly 
'ftpainst  the  surface 

t  Cf.  Walker.  Am.  J.  Sc  ,  2,  5,  1896,  and  G.  Friedel.  Bull.  Soc.  Min.,  19.  18,  1896. 
Walker  found  the  angle  opposite  b  (010)  {x  in  FJff  477)  to  be  58'  to  66"  for  muscovite,  59" 
for  lepidolite,  60"  for  biotite.  and  61"  to  63*  for  phlogopite. 

X  From  the  German,  Aetzfiguren. 
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the  majority  of  cases  angular  depressions,  such  as  low  triangular  or  quadri- 
lateral pyramids,  whose  outlines  may  ruu  parallel  to  some  of  the  crystalline 
47B,  479,  edges.    In  some  cases  the  planes  produced 

can  be  referred  to  occurring  crystallo- 
graphic  faces.  They  appear  alike  on  simi- 
lar faces  of  crystals,  and  hence  serve  to 
distinguish  different  forms,  perhaps  in 
appearance  identical,  as  the  two  sets  of 
faces  in  the  ordinary  double  pyramid  of 
quartz;  so,  too, they  reveal  the  compound 
twinning-structure  common  on  some 
crystals,  as  (quartz  and  aragonite.  Further, 
their  form  m  general  corresponds  to  the 
symmetry  of  the  group  to  which  the  given 
crystal  belongs.  They  thus  reveal  the 
hauded  crystal,  trapezohedral  symmetry  of  i^nartz  and  the 
difference  between  a  right-handed  and  left-handed  crystal  (Figs.  478,479); 
the  distinction  between  calcite  and  dolomite  (Figs.  433,  483) ;  the  distinctive 
character  of  apatite,  pyromorphite,  etc. ;  the  hemimorphic  symmetry  of  cala- 
mine and  nephelite  (cf.  Fig,  320,  p.  73),  etc. ;  they  also  prove  by  their  form 
the  monoclinic  crystallization  of  muscovite  and  other  micas  (Fig.  481). 
Fie.  480  shows  tlie  etching- figures  formed  on  n  bnsal  p 


Quartz,  left- 


The  shape  of  tlie  etcliIag-Bguies  may  lary  with  the  same 

solvent  employed,  though  their  symmetry  remains  constiinl. 
the  figures  ohtnlned  with  spaQgollte  hy  the  aclion  at  sulphu 
diluted,  ami  Fig.  4«0  by  hydrochloric  acid  of  dlSertol  degie. 


:tTsUl  with  the  nature  of  the 

For  example,  Fig,  484  shows 
ic  add,  Kig.  48r)  by  the  same 
3  of  coDceDtruliuD. 


Of  the  same  nature  as  the  etching- figures  artificially  produced,  in  their 
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ToIatioD  to  the  aymmetrj  of  the  crystal,  are  the  markings  often  observed  on 
the  natural  faces  of  crystals. 
These  are  sometimes  sec- 
ondary, caused  by  a  natural 
etching  process,  but  are  more 
often  an  irregalarity  in  the 
crystalline  development  of 
the  crystal.  The  inverted 
triangular  depressions  often 
seen  on  the  octahedral  faces 
of  diamond  crystals  are  an 
example.  Fig.  487  shows 
natural  depressions,  rhombo* 
hedral  in  character,  observed  on  comndnm  crystals  from  Montana  (Pratt), 
Fig.  488  shows  a  twin  crystal  of  flaorite  with  natural  etching-figures  (Pirsson); 
these  are  minute  pyramidal  depressions  whose  sides  are  parallel  to  the  faces 
of  the  trapezohedron  (311). 

266.  Corrosion  Forma. — If  the  etching  process  spoken  of  in  the  preceding 
article— whether  natural  or  artificial^ — is  continued,  the  result  may  be  to 
destroy  the  original  crystalline  surface  and  to  substitute  for  it  perhaps  a 
mnltitude  of  minute  elevations,  more  or  less  distinct;  or,  further,  new  faces 
may  be  developed,  the  cryatallographic  position  of  which  can  often  be 
determined,  though  the  symbols  may  be  complex^  This  is  illustrated  by 
Fig.  489  of  beryl;  here  x  is  the  berylloid  (3634-60-5).  The  mere  loss  of 
water  in  some  cases  produces  certain  corrosive  forms  (see  Pape,  literature). 

PeiiQetd  subjected  a  sphere  of  qiianz  (from  a  simple  rig  lit- ban  (led  iDtlWldiml)  lo  lh« 
prolonged  uclioD  of  hydrofluoric  acid.  It  wm  found  that  it  was  atlacked  rapidly  in  tbe 
direction  of  tho  vertical  ails,  but  barelj  at  all  at  tbe  +  eztremUles  of  tbe  axee.  Figa.  490, 
191  sbow   tbe  form    lenutlnlng  after  the   sphere  had  been    etched  for  seven  weeks; 


Fig.  490  is  a  basal  view;  Fig.  491,  a  front  view;  the  circle  shows  the  original  form  of 
the  ipbere,  tbe  dotted  hexagon  the  position  of  tbe  axes.  Compare  also  Uie  results  of 
Heyer  on  calcite  (see  literature,  p.  155). 

267.  Fracture. — The  term  fracture  is  used  to  define  the  form  or  kind  of 
surface  obtained  by  breaking  in  a  direction  other  than  that  of  cleavage  in 
crystallized  minerals,  and  in  any  direction  in  massive  minerals.     When  tha 
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-cleavage  is  highly  perfect  in  several  directions,  as  the  rhombohedral  cleavage 
of  calcite,  fracture  is  often  not  readily  obtainable. 

Fracture  is  defined  as : 

{(i)  Conchoidal ;  when  a  mineral  breaks  with  curved  concavities,  more  or 
less  deep.  It  is  so  called  from  the  resemblance  of  the  concavity  to  the  valve 
of  a  shell,  from  concha,  a  shell.  This  is  well  illustrated  by  obsidian,  also  by 
flint.  If  the  resulting  forms  are  small,  the  fracture  is  said  to  be  small- 
conchoidal ;  if  only  partially  distinct,  it  is  suhconchoidal. 

{b)  Even;  Avlien  the  surface  of  fracture,  though  rough  with  numerous 
small  elevations  and  depressions,  still  approximates  to  a  plane  surface. 

(c)  Uneven  ;  when  the  surface  is  rough  and  entirely  irregular;  this  is  true 
of  most  minerals. 

(il)  Hackly;  when  the  elevations  are  sharp  or  jagged;  broken  iron. 

Other  terms  also  employed  are  earthy ^  splintery,  etc. 

268.  Hardness. — The  hardness  of  a  mineral  is  measured  by  the  resistance 
which  a  smooth  surface  offers  to  abrasion.  The  degree  of  hardness  is 
determined  by  observing  the  comparative  ease  or  difficulty  with  which  one 
mineral  is  scratched  by  another,  or  by  a  file  or  knife. 

In  minerals  there  are  all  grades  of  hardness,  from  that  of  talc,  impressible 
l)y  the  finger-nail,  to  that  of  the  diamond.  To  give  precision  to  the  use  of 
this  character,  a  scale  of  hardness  was  introduced  by  Mohs.*    It  is  as  follows : 

1.  Talc,  6.  Orthoclase, 

2.  Gypsum,  7.  Quartz, 

3.  Calcite.  8.  Topaz. 

4.  Fluorite.  9.  Sapphire. 

5.  Apatite,  10.  Diamond. 

Crystalline  varieties  with  smooth  surfaces  should  be  taken  so  far  as 
possible. 

If  the  mineral  under  examination  is  scratched  by  the  knife-blade  as  easily 
as  calcite  its  liardness  is  said  to  be  3;  if  less  easily  than  calcite  and  more  so 
than  fluorite  its  hardness  is  3-5.  In  the  latter  case  the  mineral  in  question 
ivould  be  scratched  by  fluorite  but  would  itself  scratch  calcite.  It  need 
hardly  be  added  that  great  accuracy  is  not  attainable  by  the  above  methods, 
though,  indeed,  for  purposes  of  the  determination  of  minerals  exactness  is 
quite  unnecessary. 

It  should  be  noted  that  minerals  of  grade  1  have  a  greasy  feel  to  the  hand ; 
those  of  grade  2  are  easily  scratched  by  the  finger-nail;  those  of  grade  3  are 
rather  readily  cut,  as  by  a  knife ;  of  grade  4,  scratched  rather  easily  by  the 
knife  ;  grade  5,  scratched  with  some  difficulty  ;  grade  6,  barely  scratched  by  a 
knife,  but  distinctly  by  a  file — moreover,  they  also  scratch  ordinary  glass. 
Minerals  as  hard  as  quartz  (H.  =  7),  or  harder,  scratch  glass  readily  but  are 
little  touched  by  a  file;  the  few  species  belonging  here  are  enumerated  in 
Appendix  B  ;  they  include  all  the  gems. 

269.  Sclerometer. — Accurate  determinations  of  the  hardness  of  minerals 
can  be  made  in  various  ways,  one  of  the  best  being  by  use  of  an  instrument 
-called  a  sclerometer.     The  mineral  is  placed  on  a  movable  carriage,  witli  the 

*  The  intervul  between  2  and  3.  and  5  and  6.  in  tbe  scale  of  Mohs,  beini^  a  little  greater 
than  between  the  other  niiinbei*s,  Breithaupt  proposed  a  scale  of  twdve  minerals  ;  but  the 
:8cale  of  Mohs  is  now  universally  accepted. 
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surface  to  be  experimented  upon  horizontal;  this  is  brought  in  contact  with  a 
steel  point  (or  (iianiond  point),  tixed  on  a  support  above;  the  weight  is  then 
determined  which  is  just  sufficient  to  move  the  carriage  and  produce  a  scratch 
on  the  surface  of  the  mineral. 

By  means  of  such  an  instrument  the  hardness  of  the  different  faces  of  a 
given  crystal  has  been  determined  in  a  variety  of  cases.  It  has  been  found 
that  different  faces  of  a  crystal  (e.g.,  cyanite)  differ  in  hardness,  and  the  same 
face  may  differ  as  it  is  scratched  in  different  directions.  In  general,  differences 
in  hardness  are  noted  only  Avith  crystals  which  show  distinct  cleavage;  the 
hardest  face  is  that  which  is  intersected  by  the  plane  of  most  complete 
cleavage.  Further,  of  a  single  face,  which  is  intersected  by  cleavage-planes, 
the  direction  perpendicular  to  the  cleavage-direction  is  the  softer,  those 
parallel  to  it  the  harder. 

This  subject  has  been  investigated  by  £xner  (p.  155),  who  has  given  the  form  of  the 
caroea  of  hardness  for  the  different  faces  of  many  crystals.  These  curves  are  obtained  as 
follows :  the  least  weight  required  to  scratch  a  crystalline  surface  in  different  directions, 
for  each  10^  or  15".  from  0'  to  180^  is  determined  with  the  sclerometer:  these  directions 
Are  laid  off  as  radii  from  a  center,  and  the  length  of  each  is  made  proportional  to  the  weight 
fixed  by  experiment — that  is,  to  the  hardness  thus  determined:  the  Hue  connecting  the 
extremities  of  these  radii  is  the  ciirve  of  hardness  for  the  given  face. 

The  following  table  gives  the  results  obtained*  (see  literature)  in  comparing  the  hard- 
ness of  the  minerals  of  the  scale  from  corundum,  No.  9,  taken  as  1000,  to  gypsum,  No.  2. 
Pfaff  used  the  method  of  boring  with  a  standard  point,  the  hardness  being  determined  by 
the  number  of  rotations  ;  Rosiwal  used  a  standard  powder  to  grind  the  surface,  Jaggar 
employed  his  microsclerometer,  the  method  being  essentially  a  modification  of  that  of 
Pfaff.  By  means  of  this  instrument  he  is  able  to  test  the  hardness  of  the  minerals  present 
in  a  thin  section  under  the  microscope.  Measurements  of  absolute  hardness  have  also  been 
made  by  Auerbach. 

Pfafr,  1884.  Rosiwal,  1893.         Jagfirar.  1897. 

9.  Corundum 1000  1000  1000 

8.  Topaz 459  138  152 

7.  Quanz 254  149  40 

6.  Orthoclase 191                        287  25 

5.  Apatite 53*5  6*20  1-23 

4.  Fluorite  37  3  4*70  -75 

8.  Calcite 15  3  268  26 

2.  Gypsum 12  03  34  04 

270.  Relation  of  Hardness  to  Chemical  Compoait ion.— Some  general  facts  of  importance 
can  be  stated  f  in  regard  to  the  connection  between  the  hardness  of  a  mineral  and  its 
chemical  composition. 

1.  Compounds  of  the  heavy  metals,  as  silver,  copper,  mercury,  lead,  etc.,  are  soft^  their 
hardness  seldom  exceeding  2'5  to  3. 

Among  the  compounds  of  the  common  metals,  the  sulphides  (arsenides)  and  oxides  of 
iron  (also  of  nickel  and  cobalt)  are  relatively  hard  {e.g.,  for  pyrite  H.  =  6  to  6'5;  for 
hematite  H.  =  6,  etc.);  here  belong  also  columbite,  iron  niobate,  tantalite,  iron  tantalate, 
wolframite,iron  tungstate. 

2.  The  sulphides  are  mostly  relatively  soft  (except  as  noted  in  1),  also  most  of  the 
carbonates,  sulphates,  and  phosphates. 

8.  Hydrous  salts  are  relatively  soft.  This  is  most  distinctly  shown  among  the  silicates — 
e.g.,  compare  the  feldspars  and  zeolites. 

4.  The  conspicuously  hard  minerals  are  found  chiefly  among  the  oxides  and  silicates; 
many  of  them  are  compounds  containing  aluminium — e.g.,  corundum,  diaspore,  chrysoberyl. 
and  many  alumino  silicates.  Outside  of  these  the  borate,  boracite,  is  hard  (H.  =  7);  also 
iridosmine. 

On  the  relation  of  hardness  to  specific  gravity,  see  Art.  2S0. 


•  The  numbers  are  here  given  as  tabulated  by  Jaggar. 
f  See  further  in  Appendix  B . 
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271.  Praetioal  Snggeitiont. — Several  points  should  be  regarded  in  the  trials  of  hardness: 

(1)  If  the  mineral  is  slightly  altered,  as  is  often  the  case  with  corundum,  garnet,  etc.,. 
the  surface  may  be  readily  scratched  when  this  would  be  impossible  with  the  mineral 
itself;  a  trial  with  an  edge  of  the  latter  will  often  give  a  correct  result  in  such  a  case. 

(2)  A  mineral  with  a  granular  surface  often  appears  to  be  scratched  when  the  grains 
have  been  only  torn  apart  or  crushed. 

(3)  A  relatively  soft  mineral  may  leave  a  faint  white  ridge  on  a  surface,  as  of  glass, 
which  can  be  mistaken  for  a  scratch  if  carelessly  observed. 

(4)  A  crystal,  as  of  quartz,  is  often  slightly  scratched  by  the  edge  of  another  of  the  same 
species  and  like  hardness. 

(5)  The  scratch  should  be  made  in  such  a  way  as  to  disfigure  the  specimen  as  little  a& 
possible. 

272.  Tenacity. — Minerals  may  be  either  brittle^  sectile^  malleable^  or 
flexible. 

(a)  Brittle ;  when  parts  of  a  mineral  separate  in  powder  or  grains  on 
attempting  to  cut  it^  as  calcite. 

(J)  Sectile ;  when  pieces  maybe  cut  off  with  a  knife  without  falling  to 
powder,  but  still  the  mineral  pulverizes  under  a  hammer.  This  character  is 
intermediate  between  brittle  and  malleable,  as  gypsum. 

{c)  Malleable ;  when  slices  may  be  cut  off,  and  these  slices  flattened  out 
under  a  hammer;  native  gold,  native  silver. 

{d)  Flexible  ;  when  the  mineral  will  bend  without  breaking,  and  remain 
bent  after  the  bending  force  is  removed,  as  talc. 

The  tenacity  of  a  substance  is  properly  a  consequence  of  its  elasticity. 

273.  Elasticity.— Tlie  elasticity  of  a  solid  body  expresses  at  once  the 
resistance  which  it  makes  to  a  change  in  shape  or  volume,  and  also  its 
tendency  to  return  to  its  original  shape  when  tne  deforming  force  ceases  to 
act.  If  the  limit  of  elasticity  is  not  passed,  the  change  in  molecular  position 
is  proportional  to  the  force  acting,  and  the  former  shape  or  volume  is  exactly 
resumed;  if  this  limit  is  exceeded,  the  deformation  becomes  permanent, a  new 
position  of  molecular  equilibrium  having  been  assumed;  this  is  shown  in  the 
phenomena  of  gliding-planes  and  secondary  twinning,  already  discussed. 
The  magnitude  of  the  elasticity  of  a  given  substance  is  measured  by  the 
coefficient  of  elasticity,  or,  better,  the  coefficient  of  restitution.  This  is 
defined  as  the  relation,  for  example,  between  the  elongation  of  a  bar  of  unit 
section  to  the  force  acting  to  produce  this  effect;  similarly  of  the  bending  or 
twisting  of  a  bar.  The  subject  was  early  investigated  acoustically  by  Savart; 
in  recent  years,  Voigt  and  others  have  made  accurate  measures  of  the  elasticity 
of  many  substances  and  of  the  crystals  of  the  same  substance  in  different 
directions.  The  elasticity  of  an  amorphous  body  is  the  same  in  all  directions, 
but  it  changes  in  value  with  change  of  crystallographic  direction  in  all 
crystals. 

The  distinction  between  elastic  and  inelastic  is  often  made  between  the 
species  of  the  mica  group  and  allied  minerals.  Muscovite,  for  example,  is 
described  as  "  highly  elastic,^'  while  phlogopite  is  much  less  so.  In  this  case 
it  is  not  true  in  the  physical  sense  that  muscovite  has  a  high  value  for  the 
coefficient  of  elasticity;  its  peculiarity  lies  rather  in  the  fact  that  its  elasticity 
is  displayed  through  unusually  Avide  limits. 
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II.  SPECIFIC  GRAVITY  OR  RELATIVE  DENSITY. 

274.  Definition  of  Specific  Gravity. — The  specific  gravity  of  a  mineral  is  the 
ratio  of  its  density*  to  that  of  water  at  4°  C.  (39*2°  F.).  This  relative  density 
may  be  learned  in  any  case  by  comparing  the  ratio  of  the  weight  of  a  certain 
volume  of  the  given  substance  to  that  of  an  equal  volume  of  water;  hence  the 
specific  gravity  is  often  defined  as:  the  weight  of  the  body  divided  by  the  iceiyht 
of  an  equal  volume  of  water. 

The  statement  tliat  the  specific  gravity  of  graphite  is  2,  of  corundum  4,  of 
galena  7*5,  etc.,  means  that  the  densities  of  the  minerals  named  are  2,  4,  and 
7*5,  etc.,  times  that  of  water;  in  other  words,  as  familiarly  expressed,  any 
volume  of  them,  a  cubic  inch  for  example,  weighs  2  times,  4  times,  7*5  times, 
«tc.,  as  much  as  a  like  volume,  a  cubic  inch,  of  water. 

Strictly  speaking,  since  the  density  of  water  varies  with  its  expansion  or 
contraction  under  change  of  temperature,  the  comparison  should  be  made  witli 
water  at  a  fixed  temperature,  namely  4°  C.  (39*2°  R),  at  Avhich  it  has  its  maxi- 
mum density.  If  made  at  a  higher  temperature,  a  suitable  correction  should  be 
introduced  by  calculation.  Practically,  however,  since  a  high  degree  of 
accuracy  is  not  often  called  for,  and,  indeed,  in  many  cases  is  impracticable  to 
attain  in  consequence  of  the  nature  of  the  material  at  hand,  in  the  ordinary 
work  of  obtaining  the  specific  gravity  of  minerals  the  temperature  at  which 
the  observation  is  made  can  safely  be  neglected.  Common  variations  of  tem- 
perature would  seldom  affect  the  value  of  the  siiecific  gravity  to  the  extent  of 
one  unit  in  the  tMrd  decimal  place. 

For  the  same  reason,  it  is  not  necessary  to  take  into  consideration  the  fact 
that  the  observed  weight  of  a  fragment  of  a  mineral  is  less  than  its  true  weight 
by  the  weight  of  air  displaced. 

Where  the  nature  of  the  investigation  calls  for  an  accurate  determination 
of  .the  specific  gravity  {e.g.,  to  four  decimal  places),  no  one  of  the  precautions 
in  regard  to  the  purity  of  material,  exactness  of  weight-measurement,  tenij)er- 
ature,  etc.,  can  be  neglected. f  The  accurate  values  spoken  of  are  needed  in 
the  consideration  of  such  problems  as  tlie  specific  volume,  the  relation  of  molec- 
ular volume  to  specific  gravity,  and  many  others.  Some  of  these  have  been 
discussed  by  Schroder,  Hunt,  also  (for  salts)  by  Playfair  and  Joule,  etc. 

276.  Determination  of  the  Specific  Gravity  by  the  Balance. — The  direct 
comparison  by  weight  of  a  certain  volume  of  the  given  mineral  with  an  equal 
volume  of  water  is  not  often  practicable.  By  making  use,  however,  of  a 
familiar  principle  in  hydrostatics,  viz.,  that  a  solid  immersed  in  water,  in 
consequence  of  the  buoyancy  of  the  latter,  loses  in  weight  an  amount  which  is 
equal  to  the  weight  of  an  equal  A^olume  of  the  water  (that  is,  the  volume  it  dis- 
places)— the  determination  of  the  specific  gravity  becomes  a  very  simple 
process. 

The  weight  of  the  solid  in  the  air  {w)  is  first  determined  in  the  usual  man- 
ner; then  the  weight  in  water  is  found  {w')'y  the  difference  between  tliese 
weights — that  is,  the  loss  by  immersion  {w  —  w') — is  the  weight  of  a  volume  of 

*  Tlie  density  of  a  body  is  strictly  the  mass  of  the  unit  volume.  Thus  if  a  cubic  centi- 
meter of  water  (at  its  maximum  density,  4*  C.  or  39*2°  F.)  is  taken  as  the  unit  of  muss,  the 
density  of  any  body — as  gold — is  given  by  the  number  of  grams  of  mass  (about  19)  in  a 
cubic  centimeter ;  in  this  case  the  same  number,  19,  gives  the  relative  density  or  si>ecific 
gravity.  If.  liowever,  a  pound  is  taken  as  the  unit  of  mass,  and  the  cubic  foot  as  the  unit  of 
volume,  the  mass  of  a  cubic  foot  of  water  is  62*5  lbs.,  that  of  gold  about  1188  lbs.,  and  the 
specitic  gravity  is  the  ratio  of  the  second  to  the  first,  or,  again,  19. 

t  Cf.  Earl  of  Berkeley  in  Min.  Mag.,  11.  64,  1895. 
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water  eqnul  to  that  of  the  solid;  finally,  the  quotient  of  the  first  weight  (to)  by 
that  of  the  equal  volume  of  water  as  determined  {w  —  w')  is  the  specific 
gravity  {6). 
Hence, 


6  = 


w 


w  —  w 


492. 


A  common  method  of  obtaining  the  specific  gravity  of  a  firm  fragment  of 
a  mineral  is  as  follows:  First  weigh  the  specimen  accurately  on  a  good 
chemical  balance.  Then  suspend  it  from  one  pan  of  the 
balance  by  a  horse-hair,  silk  thread,  or,  better  still,  by  a  fine 

Elatinum  wire,  in  a  glass  of  water  conveniently  placed 
eneath,  and  take  tlie  weight  again  with  the  same  care; 
then  use  the  results  as  above  directed.  The  platinum  wire 
may  be  wound  around  the  specimen,  or  where  the  latter  is 
small  it  may  be  made  at  one  end  into  a  little  spiral  support. 
278.  The  Jolly  Balance.— Instead  of  using  an  ordinary 
balance  and  determining  the  actual  weight,  the  spiral 
balance  of  Jolly,  shown  in  Fig.  492,  may  be  conveniently 
employed ;  this  is  also  suitable  when  the  mineral  is  in  the 
form  of  small  grains.  The  mineral  is  first  placed  on  the 
glass  pan  c,  and  the  amount  that  the  spring  is  stretched 
noted  by  the  scale  number  (iV,),  opposite  to  which  the  index 
at  m  comes  to  rest  (the  eye  sees  the  reflection  in  the  miiTor 
and  thus  avoids  error  by  parallax).  If  from  JV,  be  sub- 
tracted the  number  n,  expressing  the  amount  to  which  the 
scale  is  stretched  by  the  weight  of  spring  and  pans  alone,  the 
difference  will  be  proportional  to  the  weight  of  the  mineral. 
Next,  the  mineral  is  placed  in  the  lower  pan,  d,  immersed 
in  the  water,  and  again  the  corresponding  scale  number,  iV,, 
read.  The  difference  between  these  readings  (A^,  —  JV,)  is 
a  number  proportional  to  the  loss  of  weight  in  water.  The 
specific  gravity  is  then 

It  is  obviously  necessary  to  have  the  wires  supporting  the  lower  pan  immersed 
to  the  same  depth  in  the  case  of  each  of  the  three  determinations.  If  care  is 
taken  the  specific  gravity  can  be  obtained  accurate  to  two  decimal  places. 

277.  Pyenometer. — If  the  mineral  is  in  the  form  of  grains  or  small  frag- 
ments, the  specific  gravity  may  be  obtained  by  use  of  the  pyenometer.  This  is 
a  small  bottle  (Fig.  493)  having  a  stopper  which  fits  tightly  and  ends  in  a 
tube  with  a  very  fine  opening.  The  bottle  is  filled  with  distilled  water,  the 
stopper  inserted,  and  the  overflowing  water  carefully  removed  with  a  soft  cloth. 
It  is  now  weighed,  and  also  the  mineral  whoso  density  is  to  be  determined. 
The  stopper  is  then  removed  and  the  mineral  in  powder  or  in  small  frag- 
ments inserted  with  care,  so  as  not  to  introduce  air-bubbles.*  The  water  which 
overflows  on  replacing  the  stopper  is  the  amount  of  water  displaced  by  the 
mineral.  The  weight  of  the  pyenometer  with  the  inclosed  mineral  is  deter- 
mined, and  the  weight  of  the  water  lost  is  obviously  the  difference  between 
this  last  weight  and  that  of  the  bottle  and  mineral  together,  as  first  determined. 

*  It  is  difficult  to  prevent  the  presence  of  ftir-bubbles,  and  hence  it  is  often  nerrssury,  ia 
order  to  insure  accuracy,  to  place  the  bottle  under  an  air-pump  and  exhaust  the  uir. 
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The  gpecilic  gravity  of  the  mineral  is  equal  to  Its  weight  alone  divided  by  the 
weight  of  the  equal  volume  of  water  thus  determined.  Where  this  muthod 
is  followed  with  sufficient  cure,  especially  avoiding  any  change  of  temperature 
in  the  water,  tlie  results  may  be  highly  accurate. 

If  the  mineral  forms  a  porous  mass,  it  may  be  first  reduced  to  powder,  but 
493.  it  is  to  be  noted  that  it  has  been  shown  by  Roee  tliat  chem- 

ical precipitates  have  uniformly  a  higher  deuGity  than  belongs 
to  the  same  substauce  iu  a  less  finely  divided  state.  This 
increase  of  density  also  characterizes,  though  to  n  less  extent, 
a  mineral  in  a  fine  state  of  mechanical  subdivision.  It  is  ex- 
plained by  the  condensation  of  the  water  on  tlie  surface  of 
the  powder, 

278.  Use  of  Liquidi  of  High  Density.— It  is  often  found 
convenient  both  in  the  determination  of  the  specific  gravity 
and  in  the  mechanical  separation  of  fragments  of  different 
specific  gravities  (e.g.,  to  obtain  pure  material  for  analysis, 
or  again  in  the  study  of  rocks)  to  use  a  liquid  of  liigli  density 
— that  is,  a  so-called  heavi/  solution.  One  of  these  is  the 
solution  of  meronric  iodide  in  potassium  iodide,  called  the  Soustadt  solution 
or  Thou  let  solution.  When  made  with  care*  it  has  a  niaxinitim  density  of 
nearly  3'2,  which  by  dilution  may  ba  lowered  at  will. 

A  second  solution,  often  employed,  is  the  Klein  sohdiou,  the  borotnngstate 
of  cadmium,  having  a  maximum  density  of  30.  This  again  may  be  lowered 
at  will  by  dilution,  observing  certain  necessary  precautions.  Still  a  third 
solution  of  much  practical  value  is  that  proposed  by  Uranus,  methyl  iodide, 
which  has  a  specific  gravity  of  3'324.  A  number  of  other  solutions,  more  or 
less  practical,  nave  also  been  suggested  (see  papers  referred  to  in  the  literature 
on  p.  160,  which  also  give  the  necessary  directions  for  the  use  of  the  liquids). 
When  one  of  these  liquids  is  to  be  used  for  the  determination  of  the  specific 
gravity  of  fragments  of  a  certain  mineral  it  must  be  diluted  until  the  frag- 
ments just  float  and  the  specific  gravity  then  obtained,  most  conveniently  by 
the  Westphal  balance  {Art.  279). 

When,  on  the  other  hand,  the  liquid  is  to  be  used  for  tlie  separation  of  the 
fragments  of  two  or  more  minerals  mixed  together,  the  material  is  first  reduced 
to  the  proper  degree  of  fineness,  the  ilust  and  smallest  fragments  being  sifted 
out,  then  it  is  introduced  into  the  solution  and  this  diluted  until  one  con- 
stituent after  another  sinks  and  is  removed.  For  the  convenient  application 
of  this  method  a  suitable  tube  is  called  for  and  certain  precautions  must  be 
■observed ;  compare  the  papers  noted  in  the  literature  (p.  160),  especiallv  one  by 
Penfield. 

2T9.  Vsftplikl'i  Balanaft.— The  Westphal  balnnce  ia  cooveDieetly  used  to  <k'ierininc  lim 
specific  fjruvilyiif  n  liquiif,  and  Lence  of  a  mineral  when  a  beavy  solulioii  is  cinplojcd  (An. 
ST8).  It  ronsistH  aisentialiy  of  a  graduated  steelvard  ann.  upon  which  tlie  weights,  iji  i  In- 
form of  tillers,  are  placcil.  Tbeae  must  be  so  ndjnsted  thai  the  sinker  is  trei-ly  suspi'Dileil 
In  the  given  liquid  while  the  index  at  llie  end  points  to  tlie  zem  of  Ilie  scale  and  ebowa  tlmt 
the  arm  is  boilzontal  {cf.  HoseDbusch.  HIkr.  Pbys.  HIn.,  p.  346).  The  graiiiiuliou  usna.ly 
allows  of  iht  speclBc  gravity  being  ri-iid  off  clireclly  wilbout  catnulnlion. 

380.  S«UtIoD  of  Denijty  to  Hardnt*),  Chsiniodl  Compoiltian.  etc— The  deuallj.  or  giiccilic 
gravity,  of  a  solid  depends,  first,  upnn  the  osliire  of  the  cbemical  substances  wbicli  it  col- 
tains.  and,  seciiiid.  u])On  the  state  of  moleculnr  aggregatlun. 

Thus,  as  na  Illustration  of  tlie  Urst  point,  ull  lend  compounds  have  a  bi^h  deiisiiy 
{G.  =  about  Q),  since  lead  ia  a  hi^avy  mutul,  or.  cbemicnily  expressed,  Las  a  bigb  atomic 
weight  (206-4)      airallariy.  barium  sulpbate,  barite,  baa  a  S|)eciflc  gravity  of  4-5.  wbilc  for 

f  See  the  dircctloos  by  Ooldachroidt.  reference  on  p.  160. 


SPECIFIC   ORATITY   OR  RELATIVE  DENSITY,  159 

calcium  sulphate  or  anhydrite  the  value  is  only  2'95  (at.  weight  for  barium  187,  for  calcium 
4kbout  40). 

Or.  the  other  haud,  while  aluminium  is  a  metal  of  low  density  (Q.  =  2*5  and  atomic 
wei<:lit  =  27),  its  oxide,  corundum,  hiis  a  remarkably  high  density  (G.  =  4)  and  is  also  very 
hard  (H.  =  9).  Again,  carbon  (at.  weight  =  12)  has  a  high  density  in  the  diamond  (G.  =8  5) 
nnd  low  in  graphite  (G.  =  2);  also,  the  tiist  is  hard  (H.  =  10),  the  second  soft  (H.  =  1*5).  In 
these  uud  similar  cases  the  high  density  signifies  great  molecular  aggregation,  and  hence  it 
is  natural  that  it  should  be  accompanied  by  great  hardness  and  resistance  to  the  attack  of 
acids. 

As  btoring  upon  this  point,  it  is  to  be  noted  that  the  density  of  many  substances  is 
altered  by  fusion.  Again,  the  same  minenil  in  different  states  of  molecular  aggregation 
may  differ  (but  only  slightly)  in  density.  Furthermore,  minerals  having  the  same  chemical 
composition  have  sometimes  different  densities,  corresponding  to  the  different  crystalline 
forms  in  which  they  appear.  Thus  in  the  case  of  calcium  carbonate  (CaCOs),  calcite  has 
G.  =  2-7,  aragonite  has  G.  =  2*9. 

281.  Average  Speeifle  Gravitiei.— It  is  to  be  noted  that  among  minerals  of  unmetallic 
LUSTER  the  average  specific  gravity  ranges  from  26  to  3.  Here  belong  quartz  (2*66), 
calcite  (2*7),  the  feldspars  (2*6-2'75).  muscovite  (2*8).  A  specific  gravity  of  2  5  or  less  is 
low,  and  is  chamcteristic  of  soft  minerals,  and  often  those  wiiich  are  hydrous  {e.g.,  gypsum, 
G.  =  2'3).  The  common  species  fluorite,  tourmaline,  apatite,  vesuvianite,  amphibole, 
pyroxene,  and  epidote  lie  just  above  the  limit  given,  namely,  30  to  85.  A  specific  gravity 
of  8*5  or  above  is  relatively  high,  and  belongs  to  hard  minerals  (us  corundum,  see  Art.  280), 
or  to  those  containing  a  heavy  metal,  as  compounds  of  strontium,  barium,  also  iron,  tungsten, 
copper,  silver,  lead,  mercury,  etc. 

With  minerals  of  metallic  luster,  the  average  is  about  5  (here  belong  pvrite,  hematite, 
■etc.),  while  if  below  4  it  is  relatively  low  (graphite  2,  stibnite  4*5) ;  if  7  or  above,  relatively 
high  (as  galena,  7*5). 

Tables  of  minerals  arranged  accoi-ding  to  their  specific  gravity  are  given  in  Appendix  B. 

282.  Constancy  of  Specific  Gravity. — The  specific  gravity  of  a  mineral  species  is  a  character 
of  fundamental  importance,  and  is  highly  constant  for  different  specimens  of  the  same 
Bpecies.  if  pure,  free  from  cavities,  solid  inclusions,  etc.,  and  if  essentially  constant  in  com- 
position. In  the  case  of  many  species,  however,  a  greater  or  less  variation  exists  in  the 
chemical  composition,  and  this  at  once  causes  a  variation  in  s|)ecific  gravity.  The  different 
kinds  of  garnet  illustrate  this  point ;  also  the  various  minerals  intermediate  between  the 
tantalate  of  iron  (and  manganese)  and  the  niobate,  varying  from  G.  =  7*3  or  above  to 
O.  =  5  a. 

283.  Practical  Snggettioni.— It  should  be  noted  that  the  determination  of  the  specific 
gravity  has  little  value  unless  the  fragment  taken  is  pure  and  is  free  from  impurities,  internal 
And  external,  and  not  porous.  Care  must  be  taken  to  exclude  air-bubbles,  and  it  will  often 
be  found  well  to  moisten  the  surface  of  the  specimen  before  inserting  it  in  the  water,  and 
sometimes  boiling  (or  the  use  of  the  air-pump)  is  necessary  to  free  it  from  air.  If  it  absorbs 
water  this  latter  process  must  be  allowed  to  go  on  till  the  substance  is  fully  saturated.  No 
accurate  determinations  can  be  made  unless  the  changes  of  temperature  are  rigorously 
excluded  and  the  actual  temperature  noted. 

In  a  mechanical  mixture  of  two  constituents  in  known  proportions,  when  the  specific 
gravity  of  the  whole  and  of  one  are  known,  that  of  the  other  can  be  readily  obtained.  This 
method  is  often  important  in  the  study  of  rocks. 

It  is  to  be  noted  that  the  hand  may  be  soon  trained  to  detect  a  difference  of  specific 
gravity,  if  like  volumes  are  taken,  even  in  a  small  fragment— thus  the  difference  between 
calcite  oi  albite  and  barite,  even  the  difference  between  a  small  diamond  and  a  quartz 
<jrystal,  can  be  detected. 
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III.    CHARACTERS  DEPENDING  UPON  LIGHT. 

GENERAL  PRINCIPLES  OF  OPTICS. 

284.  Before  considering  the  optical  characters  of  minerals  in  general^  and 
more  particularly  those  that  belong  to  the  crystals  of  the  different  systems,  it 
is  desirable  to  review  briefly  some  of  the  more  important  principles  of  optics 
upon  which  the  phenomena  in  question  depend. 

For  a  fuller  discussion  of  the  optics  of  crystals,  special  reference  is  mtide  to  the  works 
of  Qroth,  Liebiscb,  Mallard,  aud  Rosenbusch  (aud  translation  by  Iddin^)  mentioned  on 
pp.  2  and '4;  also  to  the  various  advanced  text-books  of  Physics.  The  methods  of 
investigation,  with  the  results  of  the  examination  of  many  species,  are  given  in  the  admirable 
memoirs  by  Des  Cloizeaux  in  Ann.  Mines,  11.261-342,  1857;  14,  389-420,  1858;  6.  557- 
595,  1864.  Also  his  Nouvelles  Recherches,  etc.,  222  pp.,  1867.  Early  observations  were 
also  published  by  Grnilich  (Vienna,  1850)  and  by  Grailich  aud  von  Lang  (Ber.  Ak.  Wien, 
27.  3,  1857;  32.  43.  1858;  33,  869,  1858).  References  to  many  important  papers  in  special 
subjects  are  given  later. 

286.  Nature  of  Light. — The  propagation  of  light  from  a  luminous  body,  as 
the  sun  or  a  candle-flame,  is  believed  to  be  accomplished  by  a  very  rapid  wave- 
motion*  in  the  medium  called  the  luminiferous  ether,  which,  it  is  assumed, 
pervades  all  space  as  well  as  all  material  bodies. 

286.  The  Ether.— The  assumption  of  the  medium  called  the  ether  is 
necessary,  since  without  this  it  is  impossible  to  explain  the  transmission  of 
light  through  sp?ce  where  no  ordinary  medium  (as  the  air)  is  present. 
Furthermore,  as  the  velocity  of  light  even  within  solid  media,  though  less 
than  that  in  a  vacuum  or  in  air,  is  still  enormously  rapid,  it  is  inconceivable 
that  it  should  be  propagated  by  the  molecules  of  the  body;  hence  the  assump- 
tion, otherwise  verified,  that  the  ether  pervades  all  material  bodies.  The 
properties  of  the  ether,f  however,  are  modified  by  the  molecular  structure  of 
the  given  body,  as  is  proved  by  the  fact  that  the  velocity  of  light  varies  with 
the  chemical  nature  of  the  substance,  and  also  in  certain  cases  with  the  direc- 

^  It  is  now  generally  accepted  that  ligh*  is  an  electro-magnetic  phenomenon  and  that 
the  nature  of  the  periodic  motion  in  the  ether  by  which  light  is  propagated  is  the  same  as 
that  involved  in  the  transmission  of  electric  waves  produced,  for  example,  bv  a  very  rapid 
oscillatory  electric  discharge  between  two  spark-knobs.  In  fact  these  electric  waves  have 
been  shown  to  travel  with  the  same  velocity  as  light-waves,  and  to  exhibit  like  phenomena 
of  reflection,  refraction,  polarization,  etc.:  hence  they  are  believed  to  differ  from  light- 
waves only  in  their  much  greater  length.  For  the  purposes  of  the  present  work,  however, 
light-waves  are  treated  of  as  if  a  mechanical  phenomenon,  but  all  assumption  of  variations 
of  the  "ela.sticity  of  the  ether"  in  crystals  as  an  explanation  of  the  observed  variation  of 
light-velocity  is  avoided. 

f  Reference  is  made  to  an  article  by  Clerk  Maxwell  in  the  Encyclopedia  Britannica  for 
a  discussion  of  the  general  properties  of  the  luminiferous  ether. 
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tion  in  the  giyen  crystallized   medium  as  corresponding  to  its  particular 
molecular  structure. 

287.  Wave-motion  in  General. — A  familiar  example  of  wave-motion  is 
given  by  the  series  of  concentric  waves  which  on  a  surface  of  smooth  water 
go  out  from  a  center  of  disturbance^  as  the  point  where  a  pebble  has  been 
dropped  in.  These  surface-waves  are  propagated  by  a  motion  of  the  water- 
particles  which  is  transverse  to  the  direction  in  which  the  waves  themselves 
travel;  this  motion  is  given  from  each  particle  to  the  next  adjoining,  and  so 
on.  Thus  the  particles  of  water  at  any  one  spot  oscillate  up  and  down,* 
while  the  wave  moves  on  as  a  circular  ridge  of  water  of  constantly  increasing 
diameter,  but  of  diminishing  height.  The  ridge  is  followed  by  a  valley^ 
indeed  both  together  properly  constitute  a  wave  in  the  physical  sense.  This 
compound  wave  is  followed  by  another  wave  and  another,  until  the  original 
impulse  has  exhausted  itself. 

Another  familiar  kind  of  wave-motion  is  illustrated  by  the  sound-waves 
which  in  the  free  air  travel  outward  from  a  sonorous  body  in  the  form  of 
concentric  spheres.  Here  the  actual  motion  of  the  layers  of  air  is  forward 
und  back — that  is,  in  the  direction  of  propagation  of  the  sound — and  the  effect 
t)f  the  transfer  of  this  impulse  from  one  layer  to  the  next  is  to  give  rise 
alternately  to  a  condensed  and  rarefied  shell  of  air,  which  together  constitute 
a  sound-wave  and  which  expand  in  spherical  waves  of  constantly  decreasing 
intensity  (since  the  mass  of  air  set  in  motion  continually  increases).  Sound-^ 
waves,  as  of  the  voice,  may  be  several  feet  in  length,  and  they  travel  at  a  rate 
of  1120  feet  per  second  at  ordinary  temperatures. 

288.  It  is  important  to  understand  that  in  both  the  cases  mentioned^  as  in 
every  case  of  free  wave-motion,  each  point  on  a  given  wave  may  be  considered 
as  a  center  of  disturbance  from  whicn  a  system  of  new  waves  tend  to  go  out. 
1'hese  individual  wave-systems  ordinarily  destroy  each  other  except  so  far  as 
the  onward  progression  of  the  wave  as  a  whole  is  concerned.  This  is  further 
discussed  and  illustrated  in  its  application  to  light-waves  (Art.  292  and 
Figs.  495,  496). 

In  general,  therefore,  a  given  wave  is  to  be  considered  as  ^he  resultant  of 
all  these  minor  wave-systems.  If,  however,  a  wave  encounters  an  obstacle  in 
its  path,  as  a  narrow  opening  {i.e.,  one  narrow  in  comparison  with  the  length 
of  the  wave)  or  a  sharp  edge,  then  the  fact  just  mentioned  explains  how  the 
waves  seem  to  bend  about  the  obstacles,  since  new  waves  start  from  them  as 
centers.  This  principle  has  an  important  application  in  the  case  of  light- 
waves, explaining  the  phenomena  of  diffraction  (Art.  308). 

289.  Still  another  case  of  wave-motion  may  be  mentioned,  since  it  is  particularly  helpful 
in  giving  u  correct  apprehension  of  li^ht-plienomena.  If  a  long  rope,  attached  at  one  end, 
be  grasped  at  the  otlicr,  a  quick  motion  of  the  hand,  up  or  down,  will  give  rise  to  a  half 
wave-form — in  one  case  a  crest,  in  the  other  a  trough — which  will  travel  quickly  to  the 
other  hand  and  be  reflected  back  with  a  reversal  in  its  position;  that  is,  if  it  went  forward 
as  a  hill-like  wave,  it  will  return  as  a  trough.  If.  just  as  the  wave  h&s  reached  the  end.  a 
second  like  one  be  started,  the  two  will  meet  and  pass  Id  the  middle,  but  here  for  a  brief 
interval  the  rope  is  sensibly  at  rest,  since  it  feels  two  equal  and  opposite  impulses.  This 
will  be  seen  later  to  be  a  case  of  the  simple  interference  of  two  like  waves  opposed 
in  phase. 

Again,  a  double  motion  of  the  hand,  up  and  down,  will  produce  a  complete  wave,  with 
crest  and  trough,  as  the  result,  and  this  again  is  reflected  back  as  in  the  simpler  case. 
Still  again,  if  a  series  of  like  motions  are  continued  rhythmically  and  so  timed  that  each 
wave  is  an  even  part  of  the  whole  rope,  the  two  systems  of  equal  and  opposite  wave» 
passing  in  the  two  directions  will  interfere  and  a  system  of  so-called  stationary  wnves  will 

*  Strictly  speaking,  the  path  of  each  particle  approximates  closely  to  a  circle. 
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be  the  result,  the  rope  seeming  to  vibrate  in  segments  to  and  fro  about  the  position  of 
equilibrium. 

Fiually,  if  the  end  of  the  rope  be  made  to  describe  a  small  circle  at  a  rapid,  uniform, 
rhythmical  rate,  a  system  of  stationary  waves  will  again  result,  but  now  the  vibrations  of 
the  string  will  be  sensibly  in  circles  about  the  central  line.  This  last  case  will  be  seen  to 
roughly  indicate  the  kmd  of  transverse  vibrations  by  which  the  waves  of  circularly 
polarized  light  are  propagated,  while  the  former  case  represents  the  vibrations  of  waves  of 
what  is  called  plane-polarized  light. 

All  these  cases  of  waves  obtained  with  a  rope  deserve  to  be  carefully  considered  and 
studied  by  experiment,  for  the  sake  of  the  assistance  they  give  to  an  understanding  of  the 
complex  pheuomena  of  light- waves. 

290.  Wave-lengthy  Amplitude^  etc. — In  the  cases  mentioned^  as  in  all  kinds 
of  simple  wave-motion,  the  length  of  a  wave  is  the  distance  from  any  one 
particle  of  the  medium  to  the  next  which  is  moving  in  the  same  direction 
with  the  same  velocity,  or,  technically  expressed,  which  is  in  the  same  phase. 
The  amplitude  of  the  wave  is  the  excursion  to  or  fro  from  its  position  of 
equilibrium  made  by  each  particle  in  succession.  Further,  the  wave-system 
travels  onward  the  distance  of  one  wave-length  in  the  time  that  a  given 
particle  makes  a  complete  excursion  to  and  fro. 

291.  Light-waves.— The  propagation  of  ether-waves  involves  the  same 
fundamental  principles  as  the  familiar  forms  of  wave-motion  just  considered. 
Here  the  motion  of  the  medium  is  transverse  to  the  direction  of  propagation, 
and  this  motion  may  be  regarded  as  communicated  from  one  set  of  particles 
to  the  next  and  so  on,  the  ether-waves  traveling  as  concentric  spherical  waves 
(in  an  isotropic  medium)  outward  in  all  directions  from  the  luminous  point. 

The  nature  of  the  vibrations  will  be  better  understood  from  Fig.  494. 
If  AB  represents  the  direction  of  propagation  of  the  light,  each  particle  of 
ether  must  vibrate  at  right  angles  to  this  as  a  line  of  equilibrium.  The 
Tibration  of  the  first  particle  induces  a  similar  movement  in  the  adjacent 
particle;  this  is  communicated  to  the  next,  and  so  on.  The  particles  vibrate 
successively  from  the  line  A B  to  2k  distance  corresponding  to  ^6  ,  the  amplitude 
of  the  vibration,  tlien  return  to  h  and  pass  on  to  b'\  and  so  on.  Thus  at  a 
^iven  instant  there  are  particles  occupying  all  positions,  from  that  of  the 

494. 


extreme  distance  l\  or  c',  from  the  line  of  equilibrium  to  that  on  this  line. 
In  this  way  the  wave  moves  forward,  while  the  motion  of  the  particles  is  only 
transverse.  The  distance  between  any  particle  and  the  next  which  is  in  a  like 
])osition — i.e.,  of  Wk^  phase ^  as  ^' and  f' — \^  ih%  wave-length  ;  and  the  time 
required  for  this  completed  movement  is  the  time  of  vibration,  or  vibration- 
j)f.rio(l.  The  intensity  of  the  light  varies  with  the  amplitude  of  the  vibration, 
iiud  the  color,  as  explained  in  a  later  article,  depends  upon  the  length  of  the 
waves;  the  length  of  the  violet  waves  is  about  one-half  the  length  of  the  red 
waves. 

In  ordinary  light  the  transverse  vibrations  are  to  be  thought  of  as  taking 
])lace  in  all  planes  about  the  line  of  propagation.  In  the  above  figure, 
Aibrntions  in  one  plane  only  are  represented;  light  which  is  thus  one-sided  or 
has  only  one  direction  of  transverse  vibration  is  said  to  be  plane-polarized. 

Light-waves  have  a  very  minute  length,  only  0*000023  of  an  inch  for  the 
jellow  sodium  flame,  and  they  travel  with  enormous  velocity,  186,000  miles 
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per  second  in  a  Tacuum;  thus  light  passes  from  the  sun  to  the  earth  in  about 
«ight  minutes.  The  yibration-period^  or  time  of  one  oscillation,  is  consequently 
extremely  brief;  it  is  given  by  dividing  the  distance  traveled  by  light  in  one 
'Second  by  the  number  of  waves  included. 

292.  Wave-front. — In  an  isotropic  medium,  as  air,  water,  or  glass — that 
is,  one  in  which  light  is  propagated  in  all  directions  about  the  luminous  point 
with  the  same  velocity — the  waves  are  spherical  in  form.  The  wave-front  is 
the  continuous  surface,  in  this  case 
spherical,  which  includes  all  particles 
which  commence  their  vibration  at  the 
same  moment  of  time.  Obviously  the 
curvature  of  the  wave-front  diminishes 
^s  the  distance  of  the  source  of  light 
increases,  and  when  the  light  comes 
from  an  indefinitely  great  distance  (as 
the  sun)  the  wave-front  becomes  sen- 
aibly  a  plane  surface.  Such  waves  are 
usually  called  plane  waves.  These 
<;ase8  are  illustrated  by  Figs.  495  and 
496,  In  Fig.  495  the  lummous  point 
is  supposed  to  be  at  0,  and  the  medium 
being  isotropic,  it  is  obvious  that  the 
^ave- front,  as  ABC ...  0,  is  spherical. 
It  is  also  made  clear  by  this  figure  how, 
as  briefly  stated  in  Art.  288,  the  result- 
ant of  all  the  individual  impulses  which 
go  out  from  the  successive  points,  as 
««,  bf  c,  etc.,  as  centers,  form  a  new 
wave-front,  ahc...g,  concentric  with 
ABC...G.  In  Fig.  496  the  luminous 
body  is  supposed  to  be  at  a  great  dis- 
tance, so  that  the  wave-front  AB . ..  F 
is  a  plane  surface.  Here  also  the  individual  impulses  from  A,  B,  etc.,  unite 
to  form  the  wave-front  ah. ..  f  parallel  to  -4^ ...  ^. 

293.  Light-ray. — The    study  of    light-phenomena  is,  in   certain    cases, 
facilitated  by  the  conception  of  a  light-ray^  a  line  drawn  from  the  luminous 

point  to  the  wave-front,  and  whose 
direction  is  taken  so  as  to  represent  that 
of  the  wave  itself.  In  Fig.  495  OA,  OB, 
etc.,  are  diverging  light-rays,  and  in 
Fig.  496  OA,  OBy  etc.,  are  parallel 
light-rays.  In  both  these  cases,  where 
the  medium  is  assumed  to  be  isotropic, 
the  light-ray  is  normal  to  the  wave- 
front.  This  is  equivalent  to  saying  that 
the  light-wave  moves  onward  in  a  direc- 
tion normal  to  the  wave-front. 

It    must    be    understood    that    the 
''  light-ray  ^'  has  no  real  existence  and  ia 
to  be  taken  only  as  a  convenient  method 
'  of  representing  the  direction  of  motion 

•of  the  light-waves  under  varying  conditions.   Thus  when  by  appropriate  meapa 
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{e.g.,  the  nse  of  lenses)  the  curvature  of  the  wave-front  is  altered — for  example, 
if  from  being  a  plane  surface  it  is  made  sharply  convex — then  the  light-rays, 
at  first  parallel,  are  said  to  be  made  to  diverge.  Again,  if  the  convex  wave- 
front  is  made  plane^  the  diverging  light-rays  are  then  said  to  be  made 
parallel. 

294.  Wave-length.  Color.  White  Light. — Notwithstanding  the  very  small 
length  of  the  waves  of  light,  they  can  be  measured  with  great  precision.  The 
visual  part  of  the  waves  going  out  from  a  brilliantly  incandescent  body,  as  the 
glowing  carbons  of  an  electric  arc-light,  may  be  shown  to  consist  of  waves  of 
widely  varying  lengths.  They  include  red  waves  whose  length  is  about  7^^-5-5^ 
of  an  incn  and  waves  whose  length  constantly  diminishes  without  break, 
through  the  orange,  yellow,  green,  and  blue  to  the  violet,  whose  minimum 
length  is  about  half  of  that  of  the  red.  The  length  of  each  group  of  these 
waves  determines  the  sensation  of  color  which  the  eye  perceives.  This  color  is 
strictly  monochromatic  only  when  it  corresponds  to  one  definite  wave-length ; 
this  is  nearly  true  of  the  bright-yellow  sodium  line,  though  strictly  speaking 
this  consists  of  two  sets  of  waves  of  slightly  different  lengtns. 

The  effect  of  "  white  light "  is  obtained  if  all  the  waves  from  the  red  to  the 
violet  come  together  to  the  eye  simultaneously;  for  this  reason  a  piece  of 
platinum  at  a  temperature  of  1500°  C.  appears  "  white  hot.^' 

The  radiation  from  the  sources  named,  either  the  sun,  the  electric  carbons, 
or  the  glowing  platinum,  includes  also  longer  waves  which  do  not  affect  the 
eye,  but  which,  like  the  light-waves,  produce  the  effect  of  sensible  heat  when 
received  upon  an  absorbing  surface,  as  one  of  lampblack.  There  are  also, 
particularly  in  the  radiation  from  the  sun,  waves  shorter  than  the  violet  which 
also  do  not  affect  the  eye.  The  former  are  called  infra-red,  the  latter  ultra- 
violet waves. 

295.  Complementary  Colors. — The  sensation  of  white  light  mentioned  above 
is  also  obtained  when  to  a  given  color — that  is,  light- waves  of  given  wave- 
length— is  combined  a  certain  other  so-called  complementary  color.  Thua 
certain  shades  of  pink  and  green  combined,  as  by  the  rapid  rotation  of  a  card 
on  which  the  colors  form  segments,  produce  the  effect  of  white.  Blue  and 
yellow  of  certain  shades  are  also  complementary.  For  every  shade  of  color  in 
the  spectrum  there  is  another  one  complementary  to  it  in  the  sense  hero 
defined.  The  most  perfect  illustration  of  complementary  colors  is  given  by 
the  examination  of  sections  of  crystals  in  polarized  light,  as  later  explained. 

296.  Reflection. — When  light-waves  come  to  the  boundary  whicli  separates 
one  medium  from  another,  as  a  surface  of  water,  or  glass  in  air,  they  are,  in 
general,  in  part  reflected  or  returned  back  into  the  first  medium. 

The  reflection  of  light-waves  is  illustrated  by  Figs.  497  and  498.  In  Fig. 
497,  MM  is  the  reflecting  surface — here  a  plane  surface — and  the  light-waves 
have  a  plane  wave-front  {Abcde)\  in  other  words,  the  light-rays  {OA,  Ob,  eic.) 
are  parallel.  It  is  obvious  that  the  wave-front  meets  the  surface  first  at  A  and 
successively  from  point  to  point  to  E.  Each  of  these  i)oints  is  to  be  regarded 
as  the  center  of  a  new  wave-system  which  unimpeded  would  be  propagated 
onward  in  a  given  time  distances  equal  to  the  lines  Aa'  Bb\  etc  Hence  the 
common  tangent /i^f/tX:^  to  the  circular  arcs  drawn  with  these  radii  from  A,  B, 
etc.,  represents  the  direction  of  the  new  or  reflected  wave-front.  But 
geometrically  the  angle  eAE  is  equal  to  fEA,  or  the  incident  and  reflected 
^cave-fronts  make  equal  angles  with  the  7'eflectiug  surface.  If  NA  is  a  normal 
at  A,  the  angle  OAN — called  the  angle  of  incidence — is  equal  to  NAF,  the 
angle  of  reflection.    Hence  the  familiar  law: 
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The  angle  of  incidence  is  equal  to  the  angle  of  reflection. 
Furthermore,  the  "  incident  and  reflected  rays  "  both  lie  in  the  si 
with  the  normal  to  the  reflecting  surface. 


e  plane 


In  Fig.  498,  where  the  luminous  point  is  at  0,  the  waves  going  out  from  it 
will  meet  the  plane  mirror  MM  first  at  the  point  A  and  successlToIy  at  points, 


oy^ 


aa  B,  C,  D,  etc.,  farther  away  to  the  right  (and  left)  of  A.  Here  also  it  is  easy 
to  show  that  all  the  new  impiilsee,  which  have  their  centers  at  A,  B,  C,  etc., 
must  together  give  rise  to  a  aeries  of  reflected  waves  whose  center  ia  at  0',  at  a 
distance  equally  distant  from  MM  measured  on  a  normal  to  the  surface 
(OA  =  OA'). 

Now  the  Hues  OA,  OB,  etc.,  which  are  perpendicular  to  the  wave-front, 
represent  certain  incident  light-rays,  and  the  eye  placed  in  the  direction  BE, 
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CFy  etc.,  will  see  the  lumiuous  point  as  if  at  0'.  It  follows  from  the  construc- 
tion of  the  figure  and  can  be  proved  by  experiment  that  if  BN,  CN,  etc.,  are 
normals  to  the  mirror  the  angles  of  incidence,  OBN,  OCN'y  etc.,  are  equal  tO' 
the  angles  of  reflection,  NBE,  N'BF^  etc.,  respectively.  Hence  the  above  law 
applies  to  this  case  also. 

If  the  reflecting  surface  is  not  plane,  but,  for  example,  a  concave  surface,. 
as  that  of  a  spherical  or  parabolic  mirror,  there  is  a  change  in  the  curvature  of 
the  wave-front  after  reflection,  but  the  same  law  still  holds  true. 

The  proportion  of  tbe  reflected  to  the  iucident  ligbt  iucreases  \i  iib  the  snioothuess  of 
the  surfHce  and  also  as  the  angle  of  incidence  diminishes.  The  intensity  of  the  reflected 
light  is  a  maximum  for  a  given  surface  in  the  case  of  perpendicular  incidence  (0^.  Fig.  498). 

If  the  surface  is  not  perfectly  polished,  diffuse  reflection  will  take  place,  and  there  will 
be  no  distinct  reflected  ray.  It  is  the  diffusely  reflected  light  which  makes  the  reflected 
surface  visible ;  if  the  surface  of  a  mirror  were  abioluUly  amoot/i  tbe  eye  would  see  the 
reflected  body  in  it  only,  not  the  surface  itself.  Optically  expressed,  tbe  surface  is  to  be 
considered  smooth  if  the  distance  between  the  scratches  upon  it  is  considerably  less  (say 
one- fourth)  than  the  wave-length  of  light. 

297.  Refraction. — When  a  system  of  light-waves  of  the  same  wave-length 
passes  from  one  medium  into  another  there  is,  in  general,  an  increase  or 

decrease  in  the  velocity  of  the  light,, 
and  this  results  in  the  phenomenon 
of  refraction — that  is,  a  change  of 
direction  at  the  bounding  surface. 
The  principles  applicable  here  can 
be  most  easily  shown  in  the  case  of 
light- waves  with  a  plane  wave-front,. 
as  shown  in  Fig.  499 — that  is,  where 
the  light-rays  OAy  OB,  etc.,  are 
parallel.  Suppose,  for  example,  that 
a  light-wave,  j)art  of  whose  wave- 
front  is  AbcdCj  passes  from  air 
obliquely  into  glass,  in  whicli  its 
velocity  is  about  two-thirds  as  great, 
and  suppose  tlie  surface  of  the  glass 
to  be  plane.  The  points  A,  B,  etc., 
will  be  successively  centers  of  dis- 
turbance which  will  be  propagated  in  a  given  time,  not  to  distances  equal  to 
eF  (from  A  in  the  line  OA),  to  pF,  etc.,  but  only  two-thirds  of  these  distances. 
Circles  drawn  from  the  points  A,  B,  6',etc.,  with  radii  equal  to  these  diminished 
values  (two-thirds  of  eF,pF,  etc.),  will  have  a  common  tangent  in  the  plane 
fglikFy  and  this  will  be  then  the  new  wave-front  in  the  second  medium.  Here 
it  is  seen  that  there  is  a  change  of  direction  in  the  wave-front,  or  otherwise 
stated,  in  the  light-ray,  the  magnitude  of  which  depends  on  the  ratio  between 
the  light-velocities  in 'the  two  media,  and,  as  discussed  later,  also  upon  the 
wave-length  of  the  light.  The  light-ray  is  here  said  to  be  broken  or  refracted, 
and  for  a  medium  like  glass,  optically  denser  than  air  (?'.e.,  with  a  lower  value 
of  the  light-velocity),  the  refraction  is  toward  the  perpendicular.  In  the 
opposite  case — in  an  optically  rarer  medium — the  refraction  is  away  from  the 
perpendicular,  the  angle  of  refraction  is  larger  than  that  of  incidence 
(Art.  303). 

298.  Refractive  Index. — It  is  obvious  from  the  figure  that  whatever  the 
direction  of  the  wave-front — that  is,  of  the  light-rays — relatively  to  the  given 
surface,  the  ratio  of  eE  to  Af,  which  determines  the  direction  of  the  new 
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wave-front  (i.e.,  the  direction  of  a  refracted  ray,  AF)  is  constant.    This  ratio 

V 
is  equal  to  —  where  V  is  the  value  of  the  light-velooity  for  the  first  medium 

(here  air)  and  v  for  the  second  (as  glass).    If  this  constant  ratio  be  represented 
Dy  n,  we  may  write : 

_  V_eE_  AE.  Sin  eAE     sin  eAE     sin  OAN 


V 


Af     AE.  Sin  AEf     sin  AEf     sin  FAN' 


\ 


Here  %  {OAN)  is  the  angle  of  incidence  and  r  {FAN)  the  migh  of  refraction  ; 

thus,  in  its  last  form^ 

sin  % 
n=  ~ — , 
sm  r 

we  have  the  familiar  relation  usually  expressed  as  follows: 

77ie  sine  of  the  angle  of  incidence  hears  a  constant  ratio  to  the  sine  of  the 
angle  of  refraction. 

It  is  also  true  that  the  incident  and  refracted  rays  lie  in  a  common  plane 
with  the  normal  to  the  surface. 

The  above  relation  holds  true  for  any  wave-system  of  given  wave-length  in 
passing  from  one  medium  into  another,  whatever  the  wave-front  or  shape  of 
the  bounding  surface.  In  Fig.  500  *  the 
luminous  point  is  at  0,  and  it  can  be 
readily  shown  that  the  new  wave- front 
propagated  in  the  second  medium  (of 
greater  optical  density)  has  a  flattened 
curvature  and  corresponding  to  this  a 

center  at  0'  (where  yy-r-  =  —J.    Here 

the  incident  rays  OB,  OC,  are  re- 
fracted at  B  ana  (7,  the  corresponding 
refracted  rays  being  BE  and  Br.  For 
this  case  also  the  relation  holds  good, 


600. 


n  = 


sm  I 


sin  X 


;/ 


sm  r      sm  r 


n 


etc. 


This  constant  ratio  for  light  of  a  given 
wave-length  passing  from  one  medium 
to  another,  expressed  here  by  «,  is  called 
the  index  of  refraction  or  refractive  index.     In  the  examples  given  for  air  ami 

•  • 

Sin  1 
crown  glass,  - — ;  =  1*608,  and  this  number  consequently  gives  the  value  of 

the  refractive  index,  or  ?i,  for  this  kind  of  glass. 

The  relation  between  wave-length  and  refractive  index  is  spoken  of  in 
Art.  306. 

If  the  bounding  surface  is  not  plane  but  curved,  as  in  lenses,  there  is  a 

change  in  the  curvature  of  the  wave-front  in  the  second  medium,  but  the 

sin  i 
simple  law,  n  =  - — ,  holds  true  here  also,  so  long  as  the  medium  is  isotropic* 


*  See  8.  P.  Thompson  (Light  Visible  and  Invisible,  1897),  who  develops  the  formulaa 

ofliirht- 


for  leoses,  etc.,  on  the  basis  of  lij^ht- waves  instead  of  light-rays. 
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299.  Eelation  of  Eefractive  Index  to  Light-velooity.~The  discussion  of  the 
preceding  article  shows  that  if  n  is  the  refractive  index  of  a  given  substance 
for  waves  of  a  certain  length,  referred  to  air,  V  the  velocity  in  air  and  v  the 
velocity  in  the  given  medium,  then 

V 
n  =  — . 

V 

For  two  media  whose  indices  are  n^  and  n,  respectively,  it  consequently  follows 
that 


». 

^ 

M^M 

"            • 

». 

». 

Therefore,  The  indices  of  refraction  of  two  given  media  for  a  certain  tvave- 
length  are  inversely  proportional  to  their  relative  light-velocities. 

Since  light-waves  are  propagated  by  a  transverse  motion  in  the  ether  which 
pervades  the  given  body,  and  is  as  it  were  weighted  down  by  its  molecules,  it  is 
obvious  that  the  velocity  of  the  light-wave  itself  is  measured  by  the  rate  of 
this  transverse  motion  in  the  ether;  nence  for  waves  of  the  same  lefigth  traveling 
through  media  of  diflferent  refractive  power,  this  latter  velocity  of  transverse 
vibration  is  inversely  proportional  to  the  refractive  indices. 

300.  Principal  retractive  Indices. — The  refractive  index  has,  as  stated,  a 
constant  value  for  every  substance  referred,  as  is  usual,  to  air  (or  it  may  be  to 
a  vacuum).  In  regard  to  solid  media,  it  is  evident  from  Art.  298  and  will 
be  further  explained  later  that  those  which  are  isotropic,  viz.,  amorphous  sub- 
stances and  crystals  of  the  isometric  system,  can  have  but  a  single  value  of  this 
index.  Crystals  of  the  tetragonal  and  hexagonal  (and  rhombonedral)  systems 
have,  as  later  explained,  two  principal  refractive  indices,  e  and  <»,  corresponding 
to  the  velocities  of  light-propagation  in  certain  definite  directions  in  them. 
Further,  all  orthorhombic,  monoclinic,  and  triclinic  crystals  have  similarly 
thf^ee  principal  indices,  a,  /3,  y.  In  the  latter  cases  of  so-called  anisotropic 
media,  the  mean  refractive  index  is  taken,  namely,  as  the  arithmetical  mean 

^  +  2aj  or  +  Z^  +  r 

___  and  -         . 

301.  Examples  of  Refractive  Indices. — The  following  table  includes  the 
values  of  n  for  a  variety  of  substances,  for  sodium  light.  For  minerals  other 
than  those  of  the  isometric  system  the  average  value  (as  defined  in  the 
preceding  article)  is  given  here. 

Ice 1-310  Boracite 1-667 

AVater 1-335  FlintGlass 1*702 

Fluorite 1  •  434  Garnet  (Pyrope) .   1-814 

Alum 1-456  Zircon 1-952 

Hock-salt 1-544  Cerussite 1*986 

Quartz 1-547  Sphalerite 2*369 

Calcite 1*601  Diamond 2*419 

Crown  glass.   ...  1-608  Rutile 2*712 

Aragonite 1*633  Pyrargyrite 3  016 

Barite 1-640 

The  refractive  index  for  air  referred  to  the  ether  of  a  vacuum  is  1*000292 
for  a  wave-length  equal  to  that  of  yellow  sodium  light  (\  =  0*0000589  em.). 
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SOfi.  Spociiio  BefractiTe  Powar.— The  relation  between  the  refractive  index  and  the 
chemical  compusidon  of  a  given  substance  is  expressed  by  what  has  been  called  the  Glad- 
stone law,*  namely. 


n-  1 


=  constant. 


Here  n  is  refractive  index  (for  anisotropic  substances,  the  mean  index),  and  d  is  the 
density.  The  value  of  the  constant  is  called  the  apeeifie  rrfraetiw  power.  The  product  of 
the  specific  refractive  power  into  the  molecular  weight  gives  the  rrfmetive  equitalent.  Thus 
foi'  quartz,  n  =  1'5,  d  =  2*66,  therefore  the  value  of  the  specific  refractive  power  is  0*2, 
and  tne  refractive  equivalent  is  equal  to  this  number  multiplied  into  the  molecular  weight 
(60)  or  12  tt(  =  0-2  X  60).    Similarly  the  value  obtained  f  for  CaO  is  13-8.  and  for  MgO  ifl. 

In  the  case  of  a  complex  molecule,  it  is  assumed  that  the  sum  of  the  refractive  equiva- 
lents of  the  ptirts  of  the  molecule  divided  by  the  sum  of  the  corresponding  molecular  weights 
is  equal  to  the  si)ecitic  refractive  power  of  the  given  compound.  Thus  for  grossular  garnet 
whose  formula  may  be  written  dCaO.AUOs.SSiOs,  the  above  relations  give 


8  X  13-8  4-  19-7  4-  8  X  126 
8  X  56  -f  103  -f  3  X  60 


=  0-216. 


Further,  — -  —  =  — «:i-  =  0*216,  and  n  =  1*756 ;  experiment  gives  n  =  1*747. 

303.   Total  Reflection.     Critical  Angle. — In  regard  to  the  principle  stated 

sin  i 
in  Art.  298  and  expressed  by  the  equation  w  =  -  -  ,  two  points  are  to  be 

noted.  First,  if  the  angle  i  =  0°,  then  sin  i  =  0,  and  obviously  also  r  =  0;  in 
other  words,  when  the  ray  of  light  (as  OA,  Fig.  500)  coincides  with  the  per- 
pendicular, no  change  of  direction  takes  place,  the  ray  proceeds  onward  (AD) 
into  the  second  medium  without  deviation,  but  with  a  change  o^  velocity. 

Again,  if  the  angle  i  =  90°,  then 
sin  i  =  1,  and  the  equation  above  ^^^• 

11  ^ 

becomes  n  =  -. —  or  sin  r  =  -.   As 

sin  ?•  w 

n  has  a  fixed  value  for  every  sub- 

stance,  it  is  obvious  that  there  will 

also  be  a  corresponding  value  of  the 

angle    r  for   the    case    mentioned. 

From  the  above  table  it  is  seen  that 

for  water,  sin  r  =  and  r  =  48° 


31';  for  crown  glass,  sin  r  =         g 

and  r  =  38**  27';  for  diamond,  sin  r 

=  ,-V.  and  r  =  34°  25'. 

In  Fig.  501  the  ray  CA  in  the  glass  is  refracted  on  passing  into  the  air  in 
the  direction  AD,  but  if  the  angle  EAO  =  38°  27',  the  ray  EA  will  graze  the 
surface  or  take  the  direction  AF.  Any  ray,  GA,  for  which  the  angle  GAO  is 
jsrreater  thjin  38°  27'  will  not  emerge  at  all,  but  suffer  total  reflection,  being 
returned  in  the  direction  AG'.  The  surface  of  glass  illuminated  from  beneath 
in  the  direction  last  named  has  a  brilliant,  almost  metallic  luster.    This  is  the 


♦  See  Mallard.  Tr.  Crist.,  2.  476  et  seq  1884  :  Rosenbnscli.  Mikr.  Pliys.,  1,  157   1892. 
^  A  table  of  these  values  is  given  by  Mallard  and  reproduced  by  Rosenbusch. 
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appearance  also,  under  like  conditions,  of  the  surface  of  a  transparent  solid — 

for  example,  of  a  glass  prism  or  a  cut  gem.   The  value  of  r  thus  found  is  called 

the  critical  angle ;  the  smaller  this  angle  the  greater  the  apparent  hriiliancy 

of  the  given  substance. 

The  relative  refractive  power  of  a  given  substance  compared  with  that  of 

the  enclosing  medium  (e,g,y  Canada  balsam  with  iiy  =  1*539)  determines  on 

the  principle  of  total  reflection  whether  the  surface  appears  rough  with  dark 

cracks  ("high  relief*')  as  in  garnet  and  zircon,  or  smooth  and  even  ("low 

relief**)  as  in  quartz. 

304.  Determination  of  the  Eefractive  Index. — By  means  of  a  prism,  as 

MNP  in  Fig.  502,  it  is  possible  to  determine  the  value  of  w,  or  refractive 

index  of  a  given  substance.     The  angle  of  the 

prism  MNP,  a,  is,  in   each  case,  measured  in 

the  same  manner  as  the  angle  between  two  faces 

of  a  crystal,  and  then  the  minimiun  amount  of 

deviation  (6)  of  a  monochromatic  ray  of  light, 

^9 '9  yellow  sodium  light,  passing  from   a  slit 

through  the  prism  is  also  determined.     The 

amount  of  deviation  of  a  ray  in  passing  through 

24  *p  the  prism  varies  with  its  position;  but  when  the 

prism  is  so  placed  that  the  ray  makes  equal  angles  with  the  sides  of  the  prism, 

that  is,  with  the  normals  (t  =  %',  Fig.  502),  when  entering  and  emerging,  this 

deviation  has  Vk  fixed  minimum  value. 

li  6  =  the  minimum  deviation  of  the  ray,  and  a  =  the  angle  of  the  prism, 

then 

sin  \{a-\-  6) 

n  = V^ -. 

sm  ^a 

The  application  of  this  method  is  given  in  a  later  article.  Several  other 
methods  are  also  explained — for  example,  one  depending  upon  total  reflection. 

306.  Dispersion. — Thus  far  the  change  in  direction  which  light  suffers  in 
reflection  and  refraction  has  alone  been  considered.  It  is  fnrtner  true  tliat 
the  amount  of  refraction  differs  for  the  waves  of  different  length,  that  is, 
the  different  colors  of  which  ordinary  white  light  is  composed,  being  greater 
for  blue  than  for  red.  In  consequence  of  this  fact,  if  ordinary  light  be  passed 
through  a  prism,  as  in  Fig.  502,  it  will  not  only  be  refracted,  but  it  will  also 
suffer  clisjyersion  or  be  separated  into  its  component  colors,  thus  forming  the 
prismatic  spectrum. 

This  variation  for  the  different  colors  depends  directly  upon  their  wave- 
lengths; the  red  waves  are  longer,  their  transverse  vibrations  are  slower,  and 
it  may  be  shown  to  follow  from  this  that  they  suffer  less  change  of  velocity 
on  entering  the  new  medium  than  the  violet  waves,  which  are  shorter  and 
whose  velocity  of  transverse  vibration  is  greater.  Hence  the  refractive  index 
for  a  given  substance  is  greater  for  blue  than  for  red  light.  The  following 
are  values  of  the  refractive  indices  for  diamond  determined  by  Schrauf : 

2-40845  red  (lithium  flame). 

2-41723  yellow  (sodium  flame). 

2*42549  green  (thallium  flame). 

306.  Spectroscope. — The  instrument  most  simply  used  for  the  analysis  of 
the  light  by  dispersion  is  familiar  to  all  as  the  spectroscope, "^     In  it  the  light 

*  A.  de  Gminont  1ms  shown  that  the  direct  spectroscopic  examiDation  of  many  mineral 
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from  the  given  source,  received  through  a  narrow  slit  in  the  end  of  one  tube> 
is  made  to  fall  as  a  plane- wave  (that  is,  as  a  ''  pencil  of  parallel  rays  *')  upon  one 
surface  of  a  prism  at  the  center,  and  the  spectrum  produced  is  viewed  through 
a  suitable  telescope  at  the  end  of  a  second  tube. 

If  the  light  from  an  incandescent  solid — which  is  "  white  hot "  (Art.  294) — 
is  viewed  through  the  spectroscope,  the  complete  band  of  colors  of  the 
spectrum  is  seen  from  the  red  through  the  orange,  yellow,  green,  blue,  to  the 
violet.  If,  however,  the  light  from  an  incandescent  vapor  is  examined,  it  i& 
found  to  give  a  spectrum  consisting  of  bright  lines  (or  bands)  only,  and  these 
in  a  definite  position  characteristic  of  it — as  the  yellow  line  (double  line)  of 
sodium  vapor;  the  more  complex  series  of  lines  and  bands,  red,  yellow,  and 
green,  characteristic  of  barium;  the  multitude  of  bright  lines  due  to  irou 
vapor  (in  the  intensely  hot  electric  arc),  and  so  on. 

307.  Absorption.— Of  the  light  incident  upon  the  surface  of  a  new  medium^ 
not  only  is  part  reflected  (Art.  296)  and  part  transmitted  and  refracted 
(Art.  297),  but,  in  general,  part  is  also  absorbed  at  the  surface  and  part  also 
during  the  transmission.  Physically  expressed,  absorption  in  this  case  meana 
the  transformation  of  the  ether-waves  into  sensible  heat,  that  is,  into  the 
motion  of  the  molecules  of  the  body  itself. 

The  color  of  a  body  gives  an  evidence  of  this  absorption.  Thus  a  sheet  of 
red  glass  appears  red  to  the  eye  by  transmitted  light,  because  in  the  trans- 
mission of  the  light-waves  through  it,  it  absorbs  all  except  those  which 
together  produce  the  effect  of  red.  For  the  same  reason  a  piece  of  jasper 
appears  red  by  reflected  light,  because  it  absorbs  part  of  the  light-waves  at  tho 
surface,  or,  in  other  words,  it  reflects  only  those  which  together  give  the 
effect  of  this  particular  shade  of  red. 

Absorption  in  general  is  selective  absorption;  that  is,  a  given  body  absorba 
particular  parts  of  the  total  radiation,  or,  more  definitely,  waves  of  a  definite 
wave- length  only.  Thus,  if  transparent  pieces  of  glass  of  different  colors  are 
held  in  succession  in  the  path  of  the  white  lidit  which  is  passing  into  the 
spectroscope,  the  spectrum  viewed  will  be  that  due  to  the  selective  absorption 
of  the  substance  in  question.  A  layer  of  blood  absorbs  certain  parts  of  the 
light  so  that  its  spectrum  consists  of  a  series  of  absorption  bands.  Certain 
rare  substances,  as  the  salts  of  didymium,  etc.,  have  the  property  of  selective 
absorption  in  a  high  degree.  In  consecjuence  of  this,  a  section  of  a  mineral 
containing  them  often  gives  a  characteristic  absorption  spectrum. 

The  dark  lines  of  the  solar  spectrum,  of  which  the  so-called  Fraunhofer 
lines  are  the  most  prominent,  are  due  to  the  selective  absorption  exerted  by 
the  solar  atmosphere  upon  the  waves  emitted  by  the  much  hotter  incanfloscent 
mass  of  the  sun. 

308.  Diffiraction. — When  monochromatic  light  is  made  to  pass  through  a 
narrow  slit,  or  by  the  sharp  edge  of  an  opaque  body,  it  suffers  diffraction,  and 
there  arise,  as  may  be  observed  upon  an  appropriately  placed  screen,  a  series 
of  dark  and  light  bands,  growing  lainter  on  the  outer  limits.  Their  presence 
is  explained  (see  Arts.  312,  313)  as  due  to  the  interference,  or  mutual 
reaction,  of  the  adjoining  systems  of  waves  of  light,  that  is,  the  initial  lis^ht- 
waves,  and  further,  those  which  have  their  origin  at  the  edge  or  sides  of  the 
slit  in  question.  It  is  essential  that  the  opening  in  the  slit  should  be  small  aa 
compared  with  the  wave-length  of  the  light.     If  ordinary  light  is  employed,. 


species  (gnlena.  pyrite)  serves  ns  n  method  of  qualitative  analysis  and  gives  iDteiestinj^ 
results.     Bull.  Soc.  Min,,  18, 171-373,  1895. 
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the  phenomena  are  the  same^  and  for  the  same  causes^  except  that  the  bands 
^are  successive  colored  spectra. 

DiffractioQ  spectra,  explained  on  the  principles  alluded  to,  are  obtained  from  diffi-actioD 
mitings.  These  gratings  consist  of  a  series  of  extremely  fine  parallel  lines  (say  15,000  or 
20,000  to  an  inch)  ruled  with  great  regularity  upon  glass,  or  upon  a  polished  surface  of 
■speculum  metiil.  The  glass  grating  is  used  with  transmitted,  and  the  speculum  gmting 
with  reflected,  light;  the  Rowland  grating  of  the  latter  kind  has  a  concave  surface.    Each 

f  rating  gives  a  number  of  spectra,  of  the  llrst,  second,  third  order,  etc.    These  spectra 
ave  the  advantage,  as  compared  with  those  given  by  prisms,  that  the  dispersion  of  the 
diJiereut  colors  is  strictly  proportional  to  the  wave-leugth. 

309.  Doable  Eefraction. — In  the  discussion  of  Art.  297,  applying  to 
isotropic  media,  it  was  shown  that  light- waves  passing  from  one  medium  into 
another,  which  is  also  isotropic,  suffer  simply  a  change  in  wave-front  in  con- 
sequence of  their  change  in  velocity.  In  anisotropic  media,  however,  which 
include  all  crystals  but  those  of  the  isometric  system,  there  are,  in  general, 
two  wave-systems  propagated  with  different  velocities  and  only  in  certain 
limited  cases  is  it  true  that  the  light-ray  is  normal  to  the  wave-front.  This 
subject  cannot  be  adequately  explained  until  the  optical  properties  of  these 
media  are  fully  discussed,  but  it  must  be  alluded  to  here  since  it  serves  to 
explain  the  familiar  fact  that,  while  with  glass,  for  example,  there  is  only  one 
refracted  ray,  many  other  substances  give  two  refracted  rays,  or,  in  other 
Vfords,  show  double  refraction. 

The  most  familiar  example  of  this  property  is  furnished  by  the  mineral 
<5alcite,  also  called  on  account  of  this  property  "doubly-refracting  spar." 
If  mnop  (Fig.  503)  be  a  cleavage  piece  of  calcite,  and  a  ray  of  light  meets  it 

at  6,  it  will,  in  passing  through,  be  divided  into  two  rays, 
hcy  id.  For  this  reason,  a  dark  spot  or  a  line  seen  through 
a  piece  of  calcite  ordinarily  Appears  double.  As  implied 
above  and  also  in  Art.  300  the  same  property  is  enjoyed  by 
all  crystallized  minerals,  except  those  of  the  isometric 
system.  The  wide  separation  of  the  two  refracted  rays  by 
calcite,  which  makes  the  phenomenon  so  striking,  is  a  con- 
sequence of  the  large  difference  in  the  values  of  its  indices 
of  refraction,  in  other  words,  as  technically  expressed,  it  is 
due  to  the  strength  of  its  double  refraction,  or  its  birefringence, 

310.  When  the  incident  light  is  perpendicular  to  the  surface  of  the  doubly- 
xefracting  substance,  there  is,  in  the  more  commonly  occurring  cases,  no 
ohange  of  direction  in  the  transmission;  but  even  then  it  is  usually  still  true 
that  the  incident  ray  is  divided  into  two  rays,  which,  though  they  may  travel 
in  the  same  path,  yet  have  different  velocities,  so  that  one  falls  behind  the 
other.  Further,  as  later  explained,  each  is  in  general  plane-polarized.  For 
«ach  of  these  rays,  it  is  true  that  for  waves  of  the  same  length  the  rate  of 
transverse  vibration,  and  hence  the  velocity  of  the  ray  itself,  is  inversely 
proportional  to  the  respective  refractive  index. 

311.  Interference  of  Waves  in  General. — The  subject  of  the  interference 
of  light-waves,  alluded  to  in  Art.  308,  requires  detailed  discussion.  It  is 
one  of  great  importance,  since  it  serves  to  explain  many  common  and  beautiful 
phenomena  in  the  optical  study  of  crystals,  for  example,  the  axial  interference 
:figures  shown  on  the  plate  forming  the  frontispiece. 

Referring  again  to  the  water-waves  spoken  of  in  Art.  287,  it  is  easily 
understood  that  when  two  wave-systems,  going  out,  for  example,  from  two 
centers  of  disturbance  near  one  another,  come  together,  if  at  a  given  point 
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they  meet  in  the  same  phase  (as  crest  to  crest),  the  result  is  to  give  the  particle^ 
in  question  double  amplitude  of  motion.  On  the  other  hand,  if  at  any  point 
the  two  wave-systems  come  together  in  opposite  phases,  that  is,  half  a  wave- 
length apart,  tne  crest  of  one  corresponding  to  the  trough  of  the  other,  they 
interfere  and  the  amplitude  of  motion  is  zero.  Under  certain  conditions^ 
therefore,  two  sets  of  waves  may  unite  to  form  waves  of  double  amplitude;  oa 
the  other  hand,  they  may  mutually  interfere  and  destroy  each  other. 
Obviously  an  indefinite  number  of  intermediate  cases  lie  between  these 
extremes.  What  is  true  of  the  waves  mentioned  is  true  also  of  sound-wavea 
and  of  wave-motion  in  general.  A  very  simple  case  of  interference  was  spoken 
of  in  connection  with  the  discussion  of  the  waves  carried  by  a  long  rope^ 
(Art.  289). 

312.  Interference  of  Light-waves. — Interference  phenomena  can  be  most 
satisfactorily  studied  in  the  case  of  light-waves.  Tne  extreme  cases  are  aa 
follows:  If  two  waves  of  like  length  and  intensity,  and  propagated  in  the  samo 
direction,  meet  in  the  same  phase,  they  unite  to  form  a  wave  of  double  intensity 
(double  amplitude).  If,  however,  the  waves  differ  in  phase  by  half  a  wave- 
length, or  an  odd  multiple  of  this,  they  interfere  and  extinguish  each  other^ 
For  other  relations  of  phase  they  are  also  said  to  interfere,  forming  a  new 
vTesultant  wave,  differing  in  amplitude  from  each  of  the  component  waves. 
In  these  cases  monochromatic  light-waves  were  assumed  (that  is,  those  of  like 
length).  If  ordinary  white  light  is  used,  the  waves  in  the  case  of  interference 
will  overlap,  and  their  interference  will  be  indicated  by  the  appearance  of  the 
colors  of  the  spectrum. 

313.  Illustrations  of  Interference. — A  simple  illustration  is  afforded  by  the 
bright  colors  of  very  thin  films  or  plates,  as  a  film  of  oil  on  water,  a  soap- 
bubble,  and  like  cases.  To  understand  these,  it  is  only  necessary  to  remember 
that  the  incident  light- waves  are  reflected   in  gQ^ 

part  from  the  upper  and  in  part  from  the  lower 
surface  of  the  film  or  plate.  Ilence  if  the 
thickness  is  'very  small,  these  two  reflected 
wave-systems,  when  they  come  together  (repre- 
sented in  Fig.  504  by  the  two  rays  AC,  BD) 
will  differ  from  one  another  in  phase,  and  inter- 
fering give  rise  (in  ordinary  light)  to  the  colored 
phenomena  spoken  6f,  It  is  to  be  noted  that 
the  phenomena  of  interference  by  reflection  are 
somewhat  complicated  by  the  fact  that  there  is 
a  reversal  of  phase  (that  is,  a  loss  of  half  a 
wave-length)  at  the  surface  which  separates  the 
medium  of  greater  optical  density  from  the  rarer  one.  Hence  the  actual 
relation  in  phase  of  the  two  reflected  rays,  as  ^C,  BD  (supposing  them  of 
the  same  wave-length)  is  that  determined  by  the  retardation  due  to  the 
greater  length  of  path  traversed  by  Bdy  together  with  the  loss  of  a  half  wave- 
length due  to  the  reversal  of  phase  spoken  of.  As  shown  in  the  figure,  there 
are  also  two  transmitted  waves  which  also  interfere  in  like  manner. 

A  plano-convex  lens  of  long  curvature,  resting  on  a  plane  glass  surface 
(Fig.  505),  and  hence  separated  from  it,  except  at  the  center,  by  a  film  of  air 
of  varying  thickness,  gives  by  reflected  monochromatic  light  a  dark  center  and 
about  this  a  series  of  light  and  dark  rings,  called  Newton^s  rings.  The  dark 
center  is  due  to  the  interference  of  tlie  incident  and  reflected  waves,  the 
latter  half  a  wave-length  behind  the  former.    The  light  rings  correspond 
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to  the  distances  where  the  two  sets  of  reflected  waves  meet  in  the  same 

505.  phase,  that  is  (noting  the   explanation 

above)   where  the  retardation  of  those 
having  the  longer  path  is  a  half  wave- 

I    length  or  an  odd  multiple  of  this  (^A, 

I  A,  ^X,  etc.).  Similarly  the  dark  rings 
fall  between  these  and  correspond  to  the  points  where  the  two  waves  meet 
in  opposite  phase,  the  retardation  being  a  wave-length  or  an  even  multiple 
of  this.  The  rings  are  closer  together  with  blue  than  with  red  because  of 
their  smaller  wave-length.  In  each  of  the  cases  described  the  ring  is  properly 
the  intersection  on  the  plane  surface  of  the  cone  of  rays  of  like  retardation. 

In  ordinary  white  light  there  can  be  no  dark  rings  because  of  the  difference 
of  length  of  the  component  waves;  on  the  contrary,  the  overlapping  of  these 
waves  produces  a  series  of  colored  rings,  each  showing  the  successive  colors  of 
the  spectrum.  The  series  of  colors  are  distinguished  as  of  the  first,  second, 
third,  etc.,  order;  for  a  given  color,  as  red,  may  be  repeated  a  numl)er  of  times 
as  the  waves  overlap.  After  a  certain  number  of  waves  have  overlapped  in 
this  way,  white  light  ("  of  a  higher  grade '0  results. 

Similarly  in  the  case  of  the  thin  plate  in  white  light,  a  certain  thick- 
ness and  consequent  retardation  produces  a  superposition  of  the  waves 
which  yields,  for  example,  a  shade  of  red;  a  greater  thickness  (and  retarda- 
tion) a  red  of  the  second  order,  etc.  If  the  plate  is  not  very  thin,  simple 
white  is  reflected  from  it. 

Another  most  satifffactory  illustration  of  the  interference  of  light-waves  is  given  by 
means  of  the  diffraction  gratings  spoken  of  in  Art.  808,  but  the  subject  cannot  be  further 
discussed  in  this  place. 

Other  cases  of  the  composition  of  two  systems  of  light-waves  will  be  con- 
sidered after  some  remarks  on  polarized  light. 

314.  Polarization  and  Polarized  Light. — Ordinary  light  is  propagated  by 
transverse  vibrations  of  the  ether  which  take  place  alike  in  all  plmies  about 
the  line  of  propagation.  A  ray  of  ordinary  light  is,  therefore,  alike  or  sym- 
metrical in  all  directions  about  this  line;  it  may  be  most  simply  thought  of  as 
being  propagated  by  two  equal  sets  of  transverse  vibrations  taken  in  any  two 
planes  at  right  angles  to  each  other. 

Plane-polarized  light y  on  the  other  hand,  as  stated  briefly  in  Art.  291,  is 
propagated  by  ether-vibrations  which  take  place  in  one  plane  only.  The 
change  by  which  ordinary  light  is  changed  into  a  polarized  light  is  called 
polarization,  and  the  plane  at  right  angles  to  the  plane  of  transverse  vibration 
is  called  the  plane  of  polarization,'^ 

Polarization  may  be  accompliahed  (1)  by  reflection  and  by  single  refraction, 
and  (2)  by  double  refraction. 

315.  Polarization  by  Beflection  and  Single  Befraction. — In  general,  light 
which  has  suffered  reflection  from  a  surface  like  that  of  polished  glass  is  more 
or  less  completely  polarized;  that  is,  the  reflected  waves  are  propagated  by 
vibrations  to  a  large  extent  limited  to  a  single  plane,  viz ,  (as  assumed)  the 
plane  normal  to  the  plane  of  incidence,  which  last  is  hence  the  plane  of 
polarization.  Furthermore,  in  this  case,  the  light  transmitted  and  refracted 
fey  the  reflecting  medium  is  also  in  like  manner  partially  polarized ;  that  is,  the 


•This  is  in  accordance  with  the  assumption  of  Fresnel;  with  MacCullagh  the  vibration- 
plane  and  plane  of  polarization  coincide.  All  ambiguity  is  avoided  by  speaking  uniformly 
cf  the  vibration-plane  of  the  light. 
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yibrations  are  more  or  less  limited  to  a  single  plane,  in  this  case  a  plane  at 
right  angles  to  the  former  and 
hence  coinciding  with  the  plane 
of  incidence.  For  a  given  angle 
of  incidence,  varying  for  each 
substance,  but  such  tnat  the  re- 
flected and  refracted  rays  {AB 
and  AC,  Fig.  506)  make  an  angle 
of  90°  with  each  other,  this  po- 
larization is  a  maximum.  For 
this  case  it  is  hence  true,  if  we 
represent  this  angle  of  polariza- 
tion by  i,  tliat 

tan  2  =  n. 

This  law,  established  by  Brewster,  may  be  stated  as  follows : 

Tlie  angle  of  polarization  is  that  angle  whose  tangent  is  the  index  of  refraC" 
tion  of  the  reflecting  substance.  For  crown  glass  this  angle  is  about  58*  (see 
Fig.  506).  If  light  suffers  repeated  reflections  from  a  series  of  thin  glass  plates, 
the  polarization  is  more  complete,  though  its  intensity  is  weakened.  Metallic 
surfaces  polarize  the  light  very  slightly. 

If  the  polarized  light-waves  fall  upon  a  second  similar  reflecting  surface  at 
the  same  angle,  they  will  be  reflected  again  unchanged,  on  the  condition  that 

the  two  planes   of  incidence  (and   hence  the  two 

planes  of  polarization)  of  the  two  mirrors  coincide, 

yji^^^x^^         If,  however,  these  planes  are  at  right  angles  to  each 

/Jr"^  other,  the  light  polarized  by  the  first  mirror  will  bo 

/^p\^^  extinguished  by  the  second.     As  the  polarization  is 

Wx      ^^«  in  no  position  absolutely  complete,  the  light  is  not 

completely  arrested,  but  only  reduced  to  a  mini- 
mum in  the  second  position. 

This  case  is  illustrated  by  Fig.  507.  Here  the 
incident  ray  AB  is  reflected  by  the  first  mirror  mn 
in  the  direction  5(7 and  polarized  in  a  plane  normal 
to  the  plane  of  incidence- the  angle  ABH  being 
equal  to  the  angle  of  polarization.  If  now  the 
second  mirror  occupy  either  of  the  positions  op  or 
o'])\  the  planes  of  incidence  (and  of  polarization)  of 
both  mirrors  coincide  and  the  light-ray,  BC,  is, 
therefore,  reflected  a  second  time  in  the  direction  of  oD,  or  oD\  If,  however, 
the  second  mirror  be  revolved  about  a  vertioi^l  axis  the  reflected  light  becomes 
gradually  weaker  and  is  sensibly  extinguished  when  the  two  planes  of  inci- 
dence are  at  right  angles  to  each  other. 

316.  Polarization  by  Doable  Befraction. — When  light  in  passing  through  a 
crystalline  medium  is  doubly  refracted  (Art.  309)  or  divided  into  two  sets  of 
waves,  it  is  always  true  that  both  are  completely  polarized  and  in  planes  at 
right  angles  to  each  other.  This  subject  can  only  be  satisfactorily  explained 
after  a  full  discussion  of  the  properties  of  anisotropic  crystalline  media,  but  it 
may  be  alluded  to  here  since  this  principle  gives  the  most  satisfactory  method 
of  obtaining  polarized  light.  For  this  end  it  is  necessary  that  one  of  the  two 
wave-systems  should  be  extinguished,  so  that  that  due  to  a  single  set  of  vibra- 
tions only  is  transmitted.  This  is  accomplished  by  natural  absorption  in  the 
case  of  tourmaline  plates  and  by  artificial  means  in  the  nicol  prisms  of  calcite. 
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317.  Polarized  light  by  Absorption.— If  from  a  crysUl  of  tourmaline,  which 
ia  suitably  transparent,  two  sectious  be  obtuiued,  each  cut  parallel  to  the 
vertical  axis,  it  will  be  found  that  these,  when  placed  together  with  the  direc- 
tion of  their  axes  coinciding,  allow  the  light  to  pass  through.  It,  however, 
one  section  is  revolved  upon  the  other,  less  and  less  of  the  light  is  transmitted, 
until,  when  their  axes  are  at  right  angles  (90°)  to  each  other,  the  light  is 
(almost  perfectly)  extinguished.  As  the  revolution  is  continued,  more  and  more 
light  is  obtained  throng  the  sections,  and  after  a,  revolution  of  180",  the  axes 
being  again  parallel,  the  appearance  is  as  at  first.  A  further  rcvohition  (270°) 
brings  the  axes  again  at  right  angles  to  each  other,  when  the  light  is  a  second 
time  extinguished,  and  so  on  around. 

The  explanation  of  this  phenomenon,  so  far  as  it  can  be  given  here',  ia 

analogous  to  that  employed  for  the  case  of  polarization  by  reflection.     Each 

ggg  QQ^  plate  doubly  refracts  the  light ;  but  one  of  the 

two  sets  of  waves  is  absorbed,  and  only  that  set 

„^^^l,  a  ft       whose  vibrations  are  parallel  to  the  vertical  axia 

|^^H|        S^^^K^e  Bre  transmitted.  If  now  the  two  plates  are  placed 

^^^^1    _    ^^^^^^^H  in  the  same  position,  abdc,  and  ef/ig  (Fig.  508), 

^^^H        ^^^^^^H   the  light  passes  through  both       succession.    If, 

^^^^1        ^^^^^^P^f  however,  the  one  is  turned  upon  the  other,  only 

^^^H|  ^^l^^l        that  portion  of  the  light  can  pass  through  which 

^^B^R  "        vibrates  still  in  the  direction  ac.     This  portion 

is  determined  by  the  resolution  of  the  existing 

vibrations  in  accordance  with  the  principle  of  the  parallelogram  of  forces. 

Consequently,  when  the  sections  stand  at  right  angles  to  each  other  (Fig.  509) 

the  amount  of  transmitted  light  is  nearly  zero,  that  is,  the  light  is  extinguished. 

Instead  of  tourmaline,  an  artificial  salt,  the  sulphate  of  iodoqulnine  (hera- 

pathite)  is  sometimes  employed,  but  it  has  little  practical  value. 

318.  Polarized  Light  by  Nicol  Priams. — The  most  satisfactory  method  of 
obtaining  pularized  light  is  by  means  of  a  prism  of  transparent  calcite  (Iceland 
spar).  Fig.  510  sliows  the  principle  involved  in  the  prism  early  constructed 
by  Nicol,  which  transmits  one  only  bio.  611. 

of  the  two  refracted  rays,  that  re- 
presented by  tiie  line  hdt  (the  extra- 
ordinary ray,a8  iaterdefined).  The 
other  ray,  be,  su  fters  total  reflection 
at  the  surface  where  the  two  sec- 
tions are  united  together  by  Canada 
balsam  and  is  then  absorbed  by  the 
black  surface  of  the  sides.  Hon 
the  vertical  facKS  are  natural  clear- 
age-faces;  the  face  i'i'  is  ground 
on  so  as  to  make  an  angle  of  68° 
with  the  obtuse  vertical  angle;  the 
prism  BO  formed  is  cut  diagonally 
across  (////"),  and  then  the  parts  / 
cemented  together.  This  form  of 
prism,  as  well  as  others  somewhat 
different  in  form  but  accomplishing 
the  same  end  with  the  use  of  leas 
material,  is  ordinarily  called  a  Nicol  f 

prism,  or  briefly  a  nicol.    The  section  of  the  ordinary  nicol  of  Fig.  510  is 
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lozenge-shaped  (Fig.  511);  the  plane  of  polarization,  PP,  passes  through  the- 
obtuse  angles  of  the  cross-section,  and  the  vibration-plane,  here  as  usual 
represented  by  a  double-headed  arrow,  passes  through  the  acute  edges.  The 
other  prisms  alluded  to  may  have  a  rectangular  cross-section.  The  vibration- 
plane  can  be  readily  determined  in  any  case  by  examining  with  it  the  light 
reflected  from  some  suitable  surface  (e.g,,  of  a  wood  table).  Twice  in  a  revolu- 
tion of  the  prism  through  360°  about  its  axis  this  Jight  will  be  weakened ; 
when  this  is  true,  the  vibration-plane  of  the  prism  must  be  perpendicular  to 
that  of  the  partially  polarized  reflected  light,  that  is,  it  must  be  vertical,  since 
the  latter  is  taken  as  horizontal. 

319.  Folariscope.  Polarizer.  Analyzer. — The  combination  of  two  nicols,  or 
other  polarizing  contrivances,  for  the  examination  of  a  substance  in  polarized 
light  is  called,  m  general,  a  polariscope;  the  common  forms  are  described  later. 
In  any  polariscope  the  prism,  or  other  contrivance,  which  polarizes  the  light 
given  from  the  outside  source  is  called  the  polarizer;  the  other  is  the  analyzer. 
If  the  prisms  have  their  vibration-planes  at  right  angles  to  each  other,  they  are 
said  to  be  crossed;  the  incident  light  polarized  by  the  polarizer  is  then 
extinguished  by  the  analyzer;  briefly,  it  is  said  to  suffer  exiiyiction, 

320.  Interference  of  Plane-polarized  Waves.  Interference-colors.  —  The 
simplest  case  of  the  interference  (Art.  312)  of  polarized  light  to  consider  is 
that  where  the  two  light-waves,  or,  more  simple  expressed,  two  rays,  are  polar- 
ized in  the  same  plane.  They  may  then  interfere  to  extinguish  each  other, 
or  they  may  give  rise  to  beautiful  color-effects. 

Suppose,  for  example,  that  in  a  polarization-microscope  (Art.  328)  parallel 
light  passes  upwards  through  the  lower  nicol,  whose  vibration-plane  is  shown 
in  the  cross-section  of  Fig.  512  by  the  arrow  A  A ;  5^2. 

this  light  is  polarized  in  a  single  plane.     Now  let  ^  ' 

this  polarized  light  pass  through  a  thin  cleavage- 
plate  of  selenite;  it  will  in  general  be  separated 
into  two  rays,  each  polarized  in  planes  at  right 
angles  to  tne  other,  having  a  definite  position 
peculiar  to  this  substance.  Thus,  in  Fig.  512,  if 
ahcd  represents  the  selenite  plate,  its  vibration-  Z?^ 
planes  have  the  directions  of  the  dotted  arrows. 
The  two  rays  corresponding  to  them  travel  through 
the  section  with  unequal  velocity,  and  on  emerging 
one  is  slightly  retarded  as  compared  with  the 
other.  Now  let  these  light-rays  pass  through  a 
second  nicol,  with  its  vibration -plane  at  right 
angles  to  that  of  the  first  nicol,  that  is,  in  th^direction  of  the  arrow  BB,  Then 
each  of  the  two  sets  of  vibrations  (represented  by  the  dotted  arrows)  will  have 
a  component  in  the  direction  of  BB,  and  these  will  emerge  now  polarized  in 
the  same  plane,  and  hence  capable  of  interfering,  for  light-rays  can  only  thus 
completely  interfere  when  their  vibrations  are  in  a  common  plane.  Further, 
an  amount  of  light  corresponding  to  the  other  components  (in  the  direction 
AA)  will  be  extinguished.  One  of  these  emergent  rays  is,  as  stated,  slightly 
retarded  as  compared  with  the  other.  The  amount  of  this  retardation 
obviously  varies  with  the  strength  of  the  double  refraction  (in  this  case  y^oi), 
and  also  with  the  thickness  of  the  section  taken.  The  interference-color  of 
the  section,  supposing  ordinary  light  to  be  used,  depends  upon  these  two  con- 
ditions, and  may  be  calculated  for  a  given  substance.  Thus  a  plate  of  selenite 
of  a  thickness  of  0055  mm.  will  give  a  red  (of  ih^  first  order),  and  if  thinner^ 
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a  yellow  or  gray.  As  the  thickness  increases,  the  colors  (now  of  the  second 
order)  pass  through  successive  shades  of  blue,  green,  yellow,  orange,  and  if  the 
plate  is  of  sufficient  thickness  a  second  red  and  so  on  (see,  further.  Arts.  359 
and  382).  A  mineral  of  very  strong  double  refraction,  as  calcite,  shows  only 
the  white  of  the  higher  order  unless  extremely  thin. 

If  the  section  had  happened  to  have  the  position  of  a'b'c'd'  (Fig.  512),  its 
vibration-planes  would  h%ve  coincided  with  those  of  the  two  nicols,  and  the 
light,  after  passing  through  the  first  nicol  and  the  section,  would  have  been 
propagated  by  vibrations  m  the  direction  AA  only,  and  hence  have  been  com- 
pletely extinguished  by  the  second  nicol.  The  plate  would  then  have  appeared 
dark. 

The  successive  InterfereDce- colors*  of  Xhe^rst  orctdr  pass  from  an  iron-gray  through 
bluish-gray  to  white,  yellow,  and  red  ;  then  follow  iudigo,  blue,  green,  yellow,  orange,  and 
red  of  the  second  order;  then  the  similar  but  paler  series  of  colors  of  the  third  ordSry  aud 
finally  the  very  pale  shades  of  green  and  red  of  the  fourtJi  order.  Beyond  this  the  colors 
are  not  very  distinct ;  white  of  a  higher  order  tinnlly  results  from  the  interference. 

An  excellent  colored  plate  showing  these  colored  bands  is  given  by  Levy  and  Lacroix 
(Les  Mineraux  des  Roches,  1888).  It  is  so  arranged  as  to  give  the  thickness  of  the  section 
of  a  given  mineral  (all  important  si)ecie8  present  in  rocks  being  included)  which  will  yield 
any  one  of  the  different  shades  of  color  mentioned.  The  use  to  which  such  a  plate  nuiy  be 
put  in  the  practical  determination  of  the  birefringence  of  a  given  mineral  will  be  referred 
to  later. 

321.  Complementary  Colors  in  Polarized  Light. — If  in  the  examination  of  the 
selenite  plate,  as  just  described  (Art.  320),  one  of  the  nicols  had  been  rotated 
90°,  or,  in  other  words,  if  the  vibration-planes  of  the  two  nicols  had  been  made 
parallel,  then  it  is  obvious  that  interference  would  also  have  taken  place 
between  the  emerging  rays,  but  the  color  resulting  in  each  case  would  have 
been  exactly  the  complementary  tint  to  that  obtained  at  first  when  the  nicols 
-were  crossed.  The  section  in  the  position  a'Vc'd'  between  parallel  nicols 
obviously  would  appear  white. 

322.  In  the  preceding  articles  the  two  interfering  light-rays,  after  emerging 
from  the  second  nicol,  were  assumed  to  be  polarized  in  the  same  plane;  for 
them  the  resulting  phenomena  as  indicated  are  comparatively  simple.  If, 
however,  two  plane-polarized  rays  propagated  in  the  same  direction  have  their 
vibration-directions  at  right  angles  to  each  other,  and  if  they  differ  one-quarter 
of  a  wave-length  (^A)  in  phase  (assuming  monochromatic  light),  then  it  may 
oasily  be  shown  that  the  composition  of  these  two  systems  results  in  a  ray  of 
i'irculnrly  polarized  light.  Briefly  expressed,  this  is  a  ray  which  looked  at 
ond-on  would  seem  to  be  propagated  by  ether-vibrations  taking  place  in  circles 
about  the  line  of  transmission.  From  the  side,  the  onward  motion  would  be 
like  that  of  a  screw,  and  either  right-handed  or  left-handed. 

If,  again,  two  light-rays  meet  as. above  described,  with  a  difference  of  phase 
differing  from  \X  (but  not  equal  to  an  even  multiple  of  ^A),  then  the  resulting 
composition  gives  rise  to  eUipticalU/  polarized  light,  that  is,  a  light-ray 
propagated  by  ether-motions  taking  place  in  ellipses. 

The  above  results  are  obtained  most  simply  by  passing  plane-polarized  light 
through  a  doubly  refracting  medium  of  the  proper  thickness  {e,g.,  a  mica  plate) 
which  is  placed  with  its  vibration -planes  inclined  45**  to  that  of  the  polarizer. 
If  the  thickness  is  such  as  to  give  a  difference  in  phase  of  ^A  or  an  odd  multiple 
of  this,  the  light  which  emerges  is  circularly  polarized.     If  the  phase  differs 

from  ^A  (but  is  not  equal  to  —  or  A),  the  emergent  light  is  elliptically  polarized. 

*  See  further  the  table  given  in  the  following  article :  also  the  explanation  of  the 
••  ultra-blue"  on  p.  428. 
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The  following  table  from  Klein  ♦  gives  the  relation  between  the  retardation  from  JA  to 
2A.  (A  =  wave-length)  for  a  section  of  a  doubly  refractive  subsUmce,  the  interference- color 
it  yields,  and  the  state  of  tlie  transmitted  light  as  regards  polarization.  The  section  is  sup- 
posed to  be  observed  in  parallel  sodium  light  with  crossed  nicols ;  further,  the  vibration- 
direction  corresponding  to  the  greater  refractive  index  in  the  section  runs  from  left  in  front 
to  right  behind. 


Retardation 

Interference-color 

for  Na  light. 

Nicols  (+),  white  light. 

• 

Kind  of  Polarization. 

i'^ 

Lavender-gray 

IsT  Order 

Elliptic,  right-handed. 

i^ 

Grayish-blue 

Circular, 

f^ 

Clearer-gray 

Elliptic, 

U 

Pale  straw-yellow 

Planepolariged, 

n 

Bright  yellow 

Elliptic,  left-handed. 

i^ 

Brownish-yellow 

Circular, 

i^ 

Orange 

Elliptic, 

X 

Red 

Plaiie-polariged, 

fA 

Indigo 

2d  Order 

Elliptic,  right-handed. 

i^ 

Azure-blue 

(1 

Circular, 

V-i 

Green 

<i 

Elliptic. 

1'^ 

Brighter  green 

<« 

Ptane-polarued, 

i^X 

Yellow 

If 

Elliptic,  left-handed. 

VA 

Orange 

«f 

Circular, 

VA 

Reddish-orange 

<f 

Elliptic, 

2A 

Dark  violet-red 

it 

Plane-polarized, 

323.  Crystals  Oiving  Circular  Polarization. — lu  the  case  of  certain  donbly 
refracting  crystallized  media  (as  quartz),  and  also  of  certain  solutions  (as  of 
sugar),  it  can  be  shown  that  the  light  is  propagated  by  two  sets  of  ether- 
vibrations  which  take  place,  not  in  definite  transverse  planes — as  in  plane- 
polarized  light — but  in  circles  ;  that  is,  each  ray  is  circularly  polarizea,  one 
being  right-handed,  the  other  left-handed.  Further,  of  these  rays,  one  will 
uniformly  gain  with  reference  to  the  other.  The  result  is,  that  if  a  ray  of  plane- 
polarized  light  fall  upon  such  a  medium  (assuming  the  simplest  case,  as  of  a 
section  of  quartz  cut  normal  to  the  axis),  it  is  found  that  the  two  rays  circularly 
polarized  within  unite  on  emerging  to  a  plane-polarized  ray,  but  the  plane  of 
polarization  has  suffered  an  angular  change  or  rotation,  which  may  be  either 
to  the  right  (to  one  looking  in  the  direction  of  the  ray),  when  the  substance 
is  said  to  be  right-handed,  or  to  the  left,  when  it  is  called  left-handed. 

This  phenomenon  is  theoretically  possible  with  all  crystals  of  a  given 
system  belonging  to  any  of  the  croups  of  lower  symmetry  than  the  normal 
group  which  show  a  plagihedral  development  of  the  faces;  f  or,  more  simply, 
those  in  which  the  corresponding  right  and  left  (or  +  and  — )  typical  forms 
are  enantiomorphous  (pp.  50,  82),  as  noted  in  the  chapter  on  crystallography. 
In  mineralogy,  this  subject  is  most  important  with  the  common  species  quartz, 
of  the  rhombohedral-trapezohedral  group,  and  a  further  discussion  of  it  is 
postponed  to  a  later  page  (Art.  366). 

♦  Ber.  Ak.  Beriin.  221.  1898. 

t  Of  the  thirty-two  possible  groups  among  crystals,  the  following  eleven  may  be  char- 
S?®*^  ^L^^''^"Iy  Po'arlssation :  Group  4.  p.  50  ;  6,  p.  61 ;  11  and  12,  p.  68;  17,  p.  78; 
23.  p.  82  ,  28  and  24.  p.  84 ;  27,  p.  96;  29,  p.  108  ;  82,  p.  109. 
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OPTICAL  INSTRUMENTS  AND  METHODS. 

324.  Measurement  of  Befractive  Indices.  Befractometer. — For  the  deter- 
mination of  the  refractive  indices  of  crystallized  minerals  various  metliods  are 
employed.  The  most  accurate  results,  when  suitable  material  is  at  hand,  may 
be  obtained  by  the  ordinary  refractometer.  This  requires  the  observation  of 
the  angle  of  minimum  deviation  (6)  of  a  light-ray  on  passing  through  a  prism 
of  the  given  material,  having  a  known  angle  (a),  and  with  its  edge  cut  in  the 
proper  direction.  The  measurements  of  a  and  d  can  be  made  with  an  ordinary 
refractometer  or  with  the  horizontal  goniometer  described  in  Art.  210.  For 
the  latter  instrument,  the  collimator  is  made  stationary,  being  fastened  to  a  leg 
of  the  tripod  support,  but  the  observing  telescope  with  the  verniers  moves 
freely.  Further,  for  this  obiect  the  graduated  circle  is  clamped,  and  the  screw 
attachments  connected  with  the  axis  carrying  the  support,  and  the  vernier 
circle  and  observing  telescope  are  loosened.  Light  from  a  monochromatic 
source  passes  through  an  appropriate  slit  and  an  image  of  this  is  thrown 
by  the  collimator  upon  the  prism.  With  a  doubly  refracting  substance  two 
images  are  yielded  and  the  angle  of  minimum  deviation  must  be  measured  for 
each ;  the  proper  direction  for  the  edge  of  the  prism  in  this  case  is  discussed 
later.  In  cases  where  the  highest  degree  of  accuracy  is  desired  sunlight  is 
employed  and  the  angle  of  deviation  measured  for  the  prominent  Frannhofer 
lines  (p.  171).  When  a  and  S  are  known  the  formula  in  Art.  304  is  used. 

325.  Total  Beflectometer. — The  principle  of  total  reflection  (Art.  303)  may 
also  be  made  use  of  to  determine  the  refractive  index.  No  prism  is  required, 
but  only  a  small  fragment  having  a  single  polished  surface;  this  may  have 
any  direction  witli  an  isometric  crystal,  ])ut  in  other  cases  must  have  a  detiiiile 
orientation,  as  described  later.  Tlie  arrangements  required  (as  developed  by 
F.  Kohlrausch)  are,  in  their  simplest  form,  a  wide-mouthed  bottle  filled  with 
a  liquid  of  high  refractive  power,  as  carbon  disulphide  {^y  =  1'6442  Na) 
or  o'-bromnaphthalin  (^y  =  1*6626  Na).  The  top  is  formed  by  a  fixed 
graduated  circle,  and  a  vertical  rod,  with  a  vernier  attached,  passes  through 
the  plate  and  carries  the  crystal  section  on  its  extremity,  immersed  in  the 
liquid.  The  angle  tlirough  which  the  crystal  surface  lying  in  the  axis  is 
turned  is  thus  measured  by  the  vernier  on  the  stationary  graduated  circle. 
The  front  of  the  bottle  is  made  of  a  piece  of  plate  glass,  and  through  this 
passes  the  horizontal  observing  telescope,  arranged  for  parallel  light.  The 
rest  of  the  surface  of  the  bottle  is  covered  with  tissue-paper,  tlirough  whjch 
the  diffuse  illumination  from  say  a  sodium  flame  has  access;  tlie  rear  of  the 
bottle  is  suitably  darkened.  When  now  the  observer  looks  through  the 
telescope,  at  the  same  time  turning  the  axis  carrying  the  crystal  section,  lie 
will  finally  see,  if  the  source  of  illumination  is  in  a  proper  oblique  direction,  a 
sharp  line  marking  the  limit  of  the  total  reflection.  The  angle  is  measured  off 
on  the  graduated  circle,  when  this  line  coincides  with  one  of  the  spider  lines 
of  the  telescope.  Now  the  crystal  is  turned  in  the  opposite  direction,  and  the 
angle  again  read  off.  Half  the  observed  angle  (2a)  is  the  angle  of  total 
reflection;  if  pi  is  the  refractive  index  of  the  carbon  disulphide,  then  the 
required  refractive  index,  n,  is  equal  to 

/i  sin  a. 
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Under  favorable  conditions  the  results  are  accurate  to  four  decimal 
places.  This  method  is  limited,  obviously,  to  substances  whose  refractive 
index  is  less  than  that  of  the  liquid  medium  with  which  the  bottle  is  filled. 

Different  forms  of  total  reflectometers  *  have  been  devised  by  Soret, 
Pulfrich,  Czapski,  and  others. 

326.  The  method  of  obtaining  the  refractive  index  of  a  transparent 
medium,  first  described  by  Duke  de  Chaulnes  (1767),  has  been  shown  by 
Sorby  f  to  allow,  under  suitable  conditions,  of  determinations  of  considerable 
accuracy.  This  method  consists  essentially  in  observing  the  distance  (d)  which 
the  focal  distance  of  the  objective  is  changed  when  a  plane-parallel  plate  of 
known  thickness  (/)  is  introduced  perpendicular  to  the  axis  of  the  microscope 
between  the  objective  and  the  focal  point,  here 

_       t 
^  "  t  -  d' 

Sorby  made  use  of  a  glass  micrometer,  upon  which  two  systems  of  lines 
perpendicular  to  each  other  were  ruled.  A  micrometer-screw  in  the  microscope 
makes  it  possible  to  measure  the  distance  through  which  the  tube  is  raised 
and  lowered  down  to  001  mm.;  consequently  both  t  and  d  can  be  obtained 
with  a  liigh  degree  of  accuracy. J 

327.  Tourmaline  Tongs. — A  very  simple  form  of  polariscope  for  converging 
light  is  shown  in  Fig.  513;  it  is  convenient  in  use,  but  of  limited  application. 
Here  the  polarizer  and  analyzer  are  two  tourmaline  plates  such  as  were  described 
in  Art.  317.  They  are  mounted  in  pieces  of  cork  and  held  in  a  kind  of  wire 
pincers.  The  object  to  be  examined  is  placed  between  them  and  supported 
there  by  tlie  spring  in  the  wire.  In  use  tney  are  held  close  to  the  eye,  and 
in  this  position  the  crystal  section  is  viewed  in  converaing  polarized  light, 
with  the  result  of  showing  (under  proper  conditions)  the  axial  interference- 
figures  (Arts.  360  and  387). 

513. 


328.  Polariscope.  Conoscope.  Stauroscope. — The  common  forms  of  polari- 
scope §  employing  nicol  prisms  are  shown  in  Figs.  514  and  515.||  Fig.  514 
represents  the  instrument  arranged  for  converging  light,  which  is  often  called 
a  conoscope. 

The  essential  parts  are  the  mirror  Sy  reflecting  the  light,  which  after 
passing  through  the  lens  e  is  polarized  by  the  prism  p.  It  is  then  rendered 
strongly  converging  by  the  system  of  lenses  nn,  before  passing  through  the 

♦See  Groth,  Pliys.  Kryst.,  1895,  pp.  654-679;  also  Das  Reflectometer,  etc.,  von  Dr. 
C.  Piilfrich.  Leipzig,  1890. 

•Min.  Mag.,  2,  1.  101,  1878. 

:  Of.  Roseubusch,  Micr.  Phys.  Min.,  p.  84,  1892,  who  mentions  particularly  methods 
app  icable  to  minerals  in  thin  sections. 

8  See  further,  Groth,  Phys.  Kryst.  (also  Pogg.  Ann.,  144,  34,  1871). 

I  These  figures,  also  Figs.  516, 517,  544,  are  taken  from  the  catalogue  of  R.  Fuess,  Steg- 
litz,  Berlin. 
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section  nuder  examination  placed  on  a  plate  at  k.    This  plate  can  be  revolTttd 
through  any  angle  desired,  meaanred  on  its  circnmference.     The  upper  tuba 
614.  ftl6. 


contains  the  converging  system  oo,  the  lens  t,  and  the  analyzing  prism  q. 
The  arrangements  for  lowering  or  raising  tlie  tubus  need  no  explanation,  nor 
indeed  the  special  devices  for  setting  the  vibration -planes  of  tlte  nicols  at 
right  angles  to  each  otlier. 

The  aoconipanyiug  tube  (Fig.  515)  shows  the  arrangement  for  observationa 
in  parallel  light,  the  converging  lenses  having  been  removed.     In  this  form  it 
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is  especially  used  for  stanroscopic  measurements,  as  later  explained.  In  some 
forms  of  polariscope  of  the  above  type  the  place  of  the  analyzer  is  taken  by  a 
pair  of  black  glass  mirrors  set  at  the  proper  polarizing  ande. 

329.  Folarization-Microsoope. — The  investigation  of  the  form  and  optical 
properties  of  minerals  when  in  microscopic  form  has  been  much  facilitated 
by  the  use  of  microscopes*  specially  adapted  for  this  purpose.  First  arranged 
with  reference  to  the  special  study  of  minerals  as  seen  in  thin  sections  of  rocks, 
they  have  now  been  so  elaborated  as  largely  to  take  the  place  of  the  older  optical 
instruments.  They  not  only  allow  of  the  determination  of  the  optical  prop- 
erties of  minerals  with  greater  facility,  but  are  applicable  to  many  cases  where 
the  crystals  in  hand  are  far  too  small  for  other  means. 

A  highly  serviceable  microscope,  for  general  use,  is  that  described  by 
Rosenbusch  in  1876  and  later  much  improved.  A  sectional  view  of  one  form 
is  shown  in  Fig.  516,  and  a  later  and  improved  pattern  is  given  in  Fig.  617. 
The  essential  arrangements  of  Fig.  516  are  as  follows:  The  tube  carrying  the 
eyepiece  and  objective  has  a  fine  adjustment-screw  at  g\  the  coarse  adjust- 
ment is  accomplished  by  the  hand.  The  screw-head  g  is  graduated  and  turns 
about  a  fixed  index  attached  to  the  tube  jo;  by  this  means  the  distance  through 
which  the  tube  is  raised  or  lowered  can  be  measured  to  0001  mm.  The 
polarizing  prism  is  placed  below  the  stage  at  r,  in  a  support  with  a  graduated 
circle,  so  that  the  position  of  its  vibration-plane  can  be  fixed.  The  analyzing^ 
prism  is  contained  in  a  cap,  ss,  which  is  placed  over  the  eyepiece;  this  may  be 
revolved  at  pleasure,  its  edge  being  graduated.  When  both  prisms  are  set  at 
the  zero  mark,  their  vibration-planes  are  crossed  (J_) ;  when  either  is  turned  90°^ 
the  planes  are  parallel  (||).  The  stage  is  made  to  rotate  about  the  vertical 
axis,  but  otherwise  (in  this  simple  form)  is  fixed  ;  its  edge  is  graduated,  so 
that  tlie  angle  through  which  it  is  turned  can  be  measured  to  i°.  Three 
adjustment-screws,  of  which  one  is  shown  at  w,  w,  make  it  possible  to  bring 
the  axis  of  the  object-glass  in  coincidence  with  axis  of  rotation  of  the  stage 
(see,  further,  the  detailed  drawing  at  the  side). 

The  .instrument  here  described  may  be  used  in  the  first  place  as  an  ordinary 
microscope  with  magnifying  power  adapted  to  the  special  case  in  hand.  In  the 
second  place,  with  polarizing  prisms  and  the  usual  arrangement  of  lenses,  it 
serves  for  determining  the  planes  of  light-vibration  (like  tlie  siauroscope  of 
Art.  328);  also  for  observing  the  interference-colors  of  doubly  refracting  sec- 
tions and  so  on.  Finally,  with  eyepiece  removed  and  special  condensing  Tenses 
added  beneath  the  object  on  the  stage  (as  more  fully  described  later),  it  may  be 
used,  like  the  conoscope,  for  observing  axial  interference-figures,  etc. 

330.  A  later  and  improved  form  of  microscope  shown  in  Fig.  517  is 
essentially  like  that  of  Fig.  516,  but  has  various  refinements  for  accurate 
work.  Thus,  a  screw  is  added  for  the  coarse  adjustment ;  another  screw  to 
raise  and  depress  the  lower  nicol;  a  mechanical  stage,  etc.  A  more  essential 
improvement  is  the  insertion  of  the  upper  nicol  in  a  support,  iV,  which  can 
be  pushed  in  or  out  at  will  between  the  eyepiece  and  objective.  The  upper 
nicol  above  the  eyepiece  is,  however,  also  needed  in  certain  cases,  for  example 
with  the  Bertrand  ocular,  described  later. 

The  microscope  which  has  been  briefly  described  is,  as  stated,  especially  applicable  to 
the  study  of  the  form,  optical  properties,  and  mutual  relations  of  minerals  as  they  are 
found  in  thin  sections  of  rocks;  it  has  therefore  become  an  important  adjunct  to  geological 
research.     It  can  also  be  used  to  great  advantage  in  the  study  of  small  independent  crystals 


♦See  Rosenbusch,  Mikr.  Phys..  117-130,  1892;  also  Groth,  Phys.  Kryst.,  783-756,  1895. 
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GENEEAL  OPTICAL  CHAEACTEES  OF  MINERALS. 

331.  There  are  certain  characteristics  belonging  to  all  minerals  alike, 
crystallized  and  non-crystallized,  in  their  relation  to  light.     These  are : 

1.  Diaphaneity:  depending  on  the  relative  quantity  of  light  transmitted. 

2.  Color:  depending  on  the  kind  of  light  reflected  or  transmitted,  as 
determined  by  the  selective  absorption. 

3.  Luster:  depending  on  the  power  and  manner  of  reflecting  light. 

1.  Diaphaneity. 

332.  Degrees  of  Transparency.— The  amount  of  liffht  transmitted  by  a 
solid  varies  in  intensity,  or,  in  other  words,  more  or  less  light  may  be  absorbed 
in  the  passage  through  the  given  substance  (see  Art.  307).  The  amount  of 
absorption  is  a  minimum  in  a  transparent  solid,  as  ice,  while  it  is  greatest  in 
one  which  is  opacjue,  as  iron.  The  following  terms  are  adopted  to  express  the 
different  degrees  m  the  power  of  transmitting  light: 

Transparent :  when  the  outline  of  an  object  seen  through  the  mineral  is 
perfectly  distinct. 

Subtransparent,  or  semi4ransparent :  when  objects  are  seen,  but  the 
outlines  are  not  distinct. 

Translucent :  when  light  is  transmitted,  but  objects  are  not  seen. 

Subtranslucent :  when  merely  the  edges  transmit  light  or  are  translucent. 

When  no  light  is  transmitted,  even  on  the  thin  edges  of  small  splinters,  the 
mineral  is  said  to  be  opaque.  This  is  properly  only  a  relative  term,  since  no 
substance  fails  to  transmit  some  light,  if  made  sufficiently  thin.  Magnetite  is 
translucent  in  the  Pennsbury  mica.  Even  gold  may  be  beaten  out  so  thin  as 
to  be  translucent,  in  which  case  it  transmits  a  greenish  light. 

The  property  of  diaphaneity  occurs  in  the  mineral  kingdom,  in  every 
degree  from  nearly  perfect  opacity  to  transparency,  and  many  minerals 
present,  in  their  numerous  varieties,  nearly  all  the  different  shades. 

2.  Color. 

333.  Nature  of  Color. — As  briefly  explained  in  Art.  294,  the  sensation  of 
color  depends  alone  upon  the  length  of  the  waves  of  light  which  meet  the  eye, 
if  they  are  all  of  the  same  length.  If  the  light  consists  of  various  wave- 
lengths, it  is  to  the  combined  effect  of  these  that  the  sensation  of  color 
is  due. 

Further,  since  the  light  ordinarily  employed  is  essentially  white  light,  that 
is,  consists  of  all  the  wave-lengths  corresponding  to  the  successive  colors  of  the 
spectrum,  the  color  of  a  body  depends  upon  the  selective  absorption  (see 
Art.  307)  which  it  exerts  upon  the  light  transmitted  or  reflected  by  it. 
A  yellow  mineral,  for  instance,  absorbs  all  the  waves  of  the  spectrum  with  the 
exception  of  those  which  together  give  the  sensation  of  yellow.  In  general 
the  color  which  the  eye  perceives  is  the  result  of  the  mixture  of  those  waves 
which  are  not  absorbed. 

All  minerals  may  be  divided  into  two  classes:  (1)  those  whose  color 
belongs  to  the  finest  particles  mechanically  made;  and  (2)  those  whose  color 
in  the  state  of  fine  powder  is  different  from  what  it  is  in  the  mass. 
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To  the  first  class  belong  the  metals  and  many  minerals  having  a  metallia 
luster;  for  instance,  the  powder  of  the  black  magnetic  oxide  of  iron,  magnetite^ 
is  black;  that  of  hematite,  which,  though  often  black  on  the  surface,  is  red  by 
transmitted  light,  is  red,  and  so  on. 

To  the  second  class  belong  the  silicates,  and  in  fact  the  large  part  of  all 
minerals  having  an  unmetallic  luster.  With  them  the  color  is  often  quite 
unessential,  being  generally  due  to  small  admixtures  of  some  metallic  oxiiie, 
to  some  carbon  compound,  or  to  some  foreign  substance  in  a  finely  divided 
state.  With  most  of  these,  the  fine  powder  is  either  white  or  light-colored ;  for 
example,  the  streak  (Art.  334)  of  black,  green,  red,  and  blue  tourmaline  varies 
little  from  lohite, 

334.  Streak. — The  color  of  the  powder  of  a  mineral  as  obtained  by  scratching^ 
the  surface  of  the  mineral  with  a  knife  or  file,  or  still  better,  if  not  too  hard^ 
by  rubbing  it  on  an  unpolished  porcelain  surface,  is  called  the  streak.  It  is 
obvious  from  the  distinctions  stated  above  that  the  streak  is  often  a  very 
important  quality  in  distinguishing  minerals.  This  is  especially  true  with 
minerals  of  the  first  class  mentioned  above,  that  is,  those  with  metallic  luster^ 
as  defined  in  Art.  338. 

335.  Dichroism;  Pleochroism. — The  selective  absorption,  to  which  the  color 
of  a  mineral  is  due,  more  especially  by  transmitted  light,  varies  according  to- 
the  molecular  structure  of  the  crystals.  It  is  hence  one  of  the  special  optical 
characters  depending  upon  the  crystallization,  which  are  discussed  later. 
Here  belong  dichroisin  or  pleochroism,  the  property  of  exhibiting  different 
colors  in  different  directions  by  transmitted  light.  This  subject  is  explained 
further  in  Arts.  365  and  393. 

336.  Varieties  of  Color. — The  following  eight  colors  were  selected  by 
Werner  as  fundamental,  to  facilitate  the  employment  of  this  character  in 
the  description  of  minerals:  tohite^  9^"o,y,  black,  blue,  green,  yellow,  red,  Vi,rxdL 
brown. 

(a)  The  varieties  of  Metallic  Colors  recogDized  are  as  follows : 

1.  Copper-red:  native  copper. — 2.  Bronte^yellaw :  pyrrhotite. — 3.  Brau-yellaw:  cbalco^ 
pyrite.— 4.  Oold-yellow:  native  gold.— 5.  Silver-tohite :  native  silver,  less  distinct  in  arseno- 
pyrite.— 6.  Tin-white:  mercury;  cobaliite. — 7.  Lead-gray:  galena,  molybdenite. — 8.  Steel- 
gray:  nearly  the  color  of  line-grained  steel  on  a  recent  fracture;  native  platinum,  and 
paliadium. 

(b)  The  following  are  the  varieties  of  Non-metallic  Colors: 

A.  White.  1.  Snow-white:  Carrara  marble. — 2.  Reddish  while,  3.  Tellowieh\t?iite?ji^A^ 
Grayish  white :  all  illustrated  by  some  varieties  of  calcile  and  quartz.— 5.  Greenish  whiter 
talc— 6.  Milk-white:  white,  slightly  bluish;  some  chalcedony. 

B.  Gray.  1.  Bluish  gray :  gray,  inclining  to  dirty  blue.— 2.  PearUgray :  gray,  mixed 
with  red  and  blue:  cerargyrite. — 3.  Smoke-gray:  gray,  with  some  brown ;  flint.— 4.  Green- 
ish gray:  gray,  with  some  green;  cat's-eve;  some  varieties  of  talc. — 5.  Tellateish  gray  r 
some  varieties  of  compact  limestone. — 6.  Ash-gray :  the  purest  gray  color ;  zoisite. 

C.  Black.  1.  Grayish  black :  black,  mixed  with  gray  (without  green,  brown,  or  blue 
tints) ;  basalt :  Lydiun  stone. — 2.  VelveUblack :  pure  black  ;  obsidian,  black  tourmaline. — 3. 
Greenish  black :  augite.— 4.  Brownish  bUtek  :  brown  coal,  lignite. — ^.  Bluish  black:  black 
cobalt. 

D.  Blue.  1.  Blackish  blue:  dark  varieties  of  azurite. — 2.  Azure-blue:  a  clear  shade  of^ 
bright  blue;  pale  varieties  of  azurite,  bright  varieties  of  lazulite.— 3    Violet-blue:   blue.' 
mixed  with  red  ;  amethyst,  tiuorite. — 4.  iMvenderblue :  Ijlue,  with  some  red  and  much  gray. 
—5.  Prussian-blue,  or  Berlin  blue:  pure  blue;   sapphire,  cyanite. — 6.  Smalt-blue:  some- 
varieties  of  gypsum. — 7.  IndigoUue:  blue,  with  black  and  green  ;  blue  tourmaline. — 8.  Sky- 
blue:  pale  blue,  with  a  little  green  ;  it  is  called  mountain-blue  by  painters. 

E.  Green.  1.  Verdigris-green:  green,  inclining  to  blue  ;  some  feldspar  (amnzon-stono). 
— 2.  Celandine-green :  green,  with  blue  and  gray  ;  some  varieties  of  talc  and  beryl.  It  is  the 
color  of  the  leaves  of  the  celandine  (Chelidonium  majus).— 8.  Mountain-green :  green,  with 
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much  blue ;  beryl.— 4  Leek-^een:  green,  with  some  brown  ;  tbe  color  of  leaves  of  garlic  ; 
distinctly  seen  in  prase,  a  variety  of  quartz. — 5.  Bmerald^een  :  pure  deep  green  ;  emerald. 
—6.  Apple-green:  light  green  witb  some  yellow;   chrysoprase. — 7.  QroM-green :   brigiit 

freen.  with  more  yellow  ;  green  diallage. — 8.  PUtachio-green :  yellowish  green,  with  some 
rown  ;  epidote. — 9.  Atparc^gus-green :  pale  green,  wiih  much  yellow  ;  asparagus  stune 
(apatite). — 10.  Blackish  green :  serpentine.->ll.  Olive  green:  dark  green,  with  much  brown 
and  yellow;  chrysolite. — 12.  Oil-green:  the  color  of  olive-oil;  beryl,  pitchstoue. — 13. 
Siekinrgreen :  light  green,  much  inclining  to  yellow  ;  urauite. 

F.  Yellow.  1.  SulphuryelUno :  sulphur.— 2.  titrato-yelUno :  pale  yellow;  topaz. — 8. 

Wax  yellow :  grayish  yellow  with  some  brown  ;  blende,  opal. — 4.  Honey -yellow :  yellow, 

with  some  red  and  brown  ;  calcite. — 6.  Lemon-yellow :  sulphur,  orpiment. — 6.  Ocher-yellow : 

yellow,  wiih  brown  ;  yellow  ocher. — 7.  Wine-yellow:  topaz  and  tiuorite. — 8.  Cream-yellow: 

some  varieties  of  lithomarge. — 9.  Orange-yellow :  orpiment. 

G.  Red.  1.  Aurora-red:  red,  with  much  yellow ;  some  realgar. — 2.  Hyacinth-red:  red. 
with  yellow  and  some  brown  ;  hyacinth  garnet. — 3.  Brick-red:  polyhalite,  some  jasper.— 4. 
ScarleUred:  bright  red,  with  a  tinge  of  yellow;  cinnabar. — 5.  Blood-red:  dark  red,  with 
some  yellow  ;  pyrope. — 6.  Flesh-red:  feldspar. — 7.  Carmine-red:  pure  red  ;  ruby  sapphire. 
—8.  Hose-red:  rose  quartz.— 9.  Crimson-red:  ruby. — 10.  PeacJiblossom-red :  red,  with  white 
and  gray;  lepidolite. — 11.  Columbine-red:  deep  red,  with  some  blue;  garnet. — 12.  Clien^y- 
red :  dark  red,  with  some  blue  and  brown  ;  spinel,  some  jasper. — 13.  Brownish-red :  jasper, 
limonite. 

H.  Brown.  1.  Beddish  brown :  garnet,  zircon. — 2.  Clove-brown:  brown,  with  red  and 
some  blue;  axinite. — 3.  Hair-brown:  wood  opal.— 4.  Broccoli-brown:  brown,  with  blue, 
red,  and  gray;  zircon.— 5.  Chestnut-brown:  pure  brown.— 6.  Yellormsh  brown :  jasper. — 7. 
Pinchbeck-brown :  yellowish-brown,  with  a  metallic  or  metal  lie- pearly  luster  ;  several 
varieties  of  talc,  bronzite. — 8.  Wood-brown  :  color  of  old  wood  nearly  rotten  ;  some  speci- 
mens of  asbestus.- 9.  Liver-brown :  brown,  with  some  gray  and  green  ;  jasper. — 10.  Black- 
ish brown :  bituminous  coal,  brown  coal. 

3.  Luster. 

337.  Nature  of  Luster. — The  luster  of  minerals  varies  with  the  nature  of 
their  surfaces.  A  variation  in  the  quantity  of  light  reflected  produces  different 
degrees  of  intensity  of  luster;  a  variation  in  the  nature  of  the  reflecting  sur- 
face produces  different  kinds  of  luster. 

338.  Kinds  of  Luster— The  kinds  of  luster  recognized  are  as  follows: 

1.  Metallic:  the  luster  of  the  metals,  as  of  gold,  copper,  iron,  tin. 

In  general,  a  mineral  is  not  said  to  have  metallic  luster  unless  it  is  opaque 
in  the  mineralogical  sense,  that  is,  it  transmits  no  light  on  the  edges  of  thin 
splinters.  Some  minerals  have  varieties  with  metallic  and  others  with  unmetal- 
lic  luster;  tliis  is  true  of  hematite. 

Imperfect  metallic  luster  is  expressed  by  the  term  suh-metallic,  as  illustrated 
by  columbite,  wolframite.     Other  kinds   of  luster  are   described  briefly  as 

UNMETALLIC. 

2.  Adamantine:  the  luster  of  the  diamond.  When  also  sub-metallic,  it  is 
termed  metallic-adamantine,  as  cerussite,  pyrargyrite. 

Adamantine  luster  belongs  to  substances  of  high  refractive  index.  This 
may  be  connected  with  their  relatively  great  density  (and  hardness),  as  witli  the 
diamond,  also  corundum,  etc.;  or  because  they  contain  heavy  molecules,  thus 
most  compounds  of  lead,  not  metallic  in  luster,  have  a  high  refractive  index 
and  an  adamantine  luster. 

3.  Vitreous:  the  luster  of  broken  glass.  An  imperfectly  vitreous  luster  is 
termed  snb-vitreous.  The  vitreous  and  sub-vitreous  lusters  are  the  most  com- 
mon in  the  mineral  kingdom.  Quartz  possesses  the  former  in  an  eminent 
degree  ;  calcite,  often  the  latter. 

4.  Besinous :  luster  of  the  yellow  resins,  as  opal,  and  some  yellow  varieties 
of  sphalerite. 
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5.  Greasy :  luster  of  oily  glass.  This  is  near  resinous  luster,  but  is  often 
quite  distinct,  as  elseolite. 

6.  Pearly :  like  pearl,  as  talc,  brucite,  stilbite^  etc.  When  united  with  sub- 
metallic,  as  in  hypersthene,  the  term  metallic-pearl y  is  used. 

Pearly  luster  belongs  to  the  light  reflected  from  a  pile  of  thin  glass-plates; 
similarly  it  is  exhibited  by  minerals,  which,  having  a  perfect  cleavage,  may  be 
])artiaily  separated  into  successive  plates,  as  on  the  basal  plane  of  apophyllite. 
*lt;  is  also  shown  for  a  like  reason  by  foliated  minerals,  as  talc  and  brucite. 

7.  Silky :  like  silk  ;  it  is  the  result  of  a  fibrous  structure.  Ex.  fibrous  cal- 
cite,  fibrous  gypsum. 

The  different  degrees  and  kinds  of  luster  are  often  exhibited  differently  by 
unlike  faces  of  the  same  crystal,  but  always  similarly  by  like  faces.  The  lateral 
faces  of  a  right  square  prism  may  thus  differ  from  a  terminal,  and  in  the  right 
rectangular  prism  the  lateral  faces  also  may  differ  from  one  another.  For 
example,  the  basal  plane  of  apophyllite  has  a  pearly  luster  wanting  in  the  pris- 
matic faces,  they  having  a  vitreous  luster. 

As  sbowD  by  Huidinger,  ouly  vitreous,  udamantine,  and  metallic  luster  belong  to  facea 
perfectly  smoolh  and  pure.  lu  tbe  first,  the  refractive  index  of  the  miDeral  is  18-1  S  ;  in 
the  second.  1  9-2'5;  in  tbe  third,  about  2*5.  The  true  difference  between  metallic  and 
viireous  luster  is  due  to  the  effect  which  the  different  surfaces  have  upon  tbe  reflected  light; 
in  general,  the  luster  is  produced  by  the  union  of  two  simultaneous  Impressions  made  upon 
tiie  eye.  If  the  light  reflected  from  a  metallic  surface  be  examined  by  a  nicol  prism  (or  tbe 
dichroscope  of  Haidiuger,  Art.  866),  it  will  be  found  that  both  rays,  that  vibmting  In  the 
plane  of  incidence  and  that  whose  vibrations  are  normal  to  it,  are  alike,  each  having  tbe 
color  of  the  material,  onlv  differing  a  little  in  brilliancy ;  on  tbe  contrary,  of  tbe  light 
reflected  b}^  a  vitreous  substance,  those  rays  whose  vibrations  are  at  right  angles  to  the 
phine  of  incidence  are  more  or  less  polarized,  and  are  colorless,  while  those  whose  vibrations 
are  in  this  plane,  having  penetrated  somewhat  into  tbe  medium  and  suffered  some  absorp- 
tion, show  the  color  of  the  substance  itself.  A  plate  of  red  glass  thus  examined  will  show 
a  colorless  and  a  red  image.     Adamantine  luster  occupies  a  position  between  the  others. 

339.  Degprees  of  Luster. — The  degrees  of  intensity  of  luster  are  denominated 
as  follows: 

1.  Sple7idefit :  reflecting  with  brilliancy  and  giving  well-defined  images,  as 
hematite,  cassiterite. 

2.  Shining :  producing  an  image  by  reflection,  but  not  one  well-defined,  as 
celestite. 

3.  Glistening :  affording  a  general  reflection  from  the  surface,  but  no 
image,  as  talc,  chalcopyrite. 

4.  Glimmering :  affording  imperfect  reflection,  and  apparently  from  points 
over  the  surface,  as  flint,  chalcedony. 

A  mineral  is  said  to  be  dull  when  there  is  a  total  absence  of  luster,  as  chalky 
the  ochers,  kaolin. 

340.  Play  of  GolorB.  Opalescence.  Iridescence. — The  term  play  of  colors  is 
used  to  describe  the  appearance  of  several  prismatic  colors  in  rapid  succession 
on  turning  the  mineral.  This  property  belongs  in  perfection  to  the  diamond, 
in  which  it  is  due  to  its  high  dispersive  power.  It  is  also  observed  in  precious 
opal,  where  it  is  explained  on  the  principle  of  interference;  in  this  case  it  is 
most  brilliant  by  candle-light. 

The  expression  change  of  colors  is  used  when  each  particular  color  appears 
to  pervade  a  larger  space  than  in  the  play  of  colors  and  the  succession 
produced  by  turning  the  mineral  is  less  rapid.  This  is  shown  in  labradorite, 
as  explained  under  that  species. 

Opalescence  is  a  milky  or  pearly  reflection  from  the  interior  of  a  specimen. 
Observed  in  some  opal,  and  in  catVeye. 
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Iridescence  means  the  exhibition  of  prismatic  colors  in  the  interior  or  on 
the  surface  of  a  mineral.  The  phenomena  of  the  play  of  colors,  iridescence, 
etc.,  are  sometimes  to  be  explained  by  the  presence  of  minute  foreign  crystals, 
in  parallel  positions;  more  generally,  however,  they  are  caused  by  the  presence 
of  fine  cleavage-lamellae,  in  the  light  reflected  from  which  interference  takes 
place,  analogous  to  the  well-known  Newton's  rings  (see  Art.  313). 

341.  Tarnish — A  metallic  surface  is  tarnished  when  its  color  differs  from 
that  obtained  by  fracture,  as  is  the  case  with  specimens  of  bornite.  A  surface 
possesses  the  steel  tarnish  when  it  presents  the  superficial  blue  color  of 
tempered  steel,  as  col um bite.  The  tarnish  is  irised  when  it  exhibits  fixed 
prismatic  colors,  as  is  common  with  the  hematite  of  Elba.  These  tarnish  and 
iris  colors  of  minerals  are  owing  to  a  thin  surface  or  film,  proceeding  from 
different  sources,  either  from  a  change  in  the  surface  of  the  mineral  or  from 
foreign  incrustation;  hydrated  iron  oxide,  usually  formed  from  pyrice,  is  one 
of  the  most  common  sources  of  it,  and  produces  the  colors  on  antnracite  and 
hematite. 

342.  Asterism. — This  name  is  given  to  the  peculiar  star-like  rays  of  light 
observed  in  certain  directions  in  some  minerals.  This  is  seen  by  reflected 
light  in  the  form  of  a  six-rayed  star  in  sapphire,  and  is  also  well  shown  by 
transmitted  light  (as  of  a  small  flame)  with  the  phlogopite  mica  from  South 
Burgess,  Canada.  In  the  former  case  it  is  explained  by  the  presence  of  thin 
twinning-lamellas  symmetrically  arranged.  In  the  other  case  it  is  due  to  the 
presence  of  minute  inclosed  crystals,  also  symmetrically  arranged,  which  are 
probably  rutile  or  tourmaline  in  most  cases.  Crystalline  faces  which  have 
h^Qxi  artificially  etched  also  sometimes  exhibit  asterism.  The  peculiar  light- 
figures  sometimes  observed  in  reflected  light  on  the  faces  of  crystals,  either 
natural  or  etched,  are  of  similar  nature. 

343.  Schillerization. — The  general  term  schiller  (from  the  German)  is 
applied  to  the  peculiar  luster,  sometimes  nearly  metallic,  observed  in  definite 
directions  in  certain  minerals,  as  conspicuously  in  schiller-spar  (an  altered 
variety  of  bronzite),  also  in  diallage,  hypersthene,  sunstone,  and  otliers.  It  is 
explained  by  the  reflection  either  from  minute  inclosed  plates  in  parallel 
position  or  from  the  surfaces  of  minute  cavities  (negative  crystals)  having  a 
common  orientation.  In  many  cases  it  is  due  to  alteration  which  has 
developed  these  bodies  (or  the  cavities)  in  the  direction  of  solution-planes 
(see  Art.  264).  The  process  by  which  it  has  been  produced  is  then  called 
schiller  izat  ion, 

344.  Fluorescence. — The  emission  of  light  from  within  a  substance  while 
it  is  being  exposed  to  direct  radiation,  or  in  certain  cases  to  an  electrical  dis- 
charge in  a  vacuum  tube,  is  GdXXe^  fluorescence.  It  is  best  exhibited  by  fluorite, 
from  which  the  phenomenon  gained  its  name.  Thus,  if  a  beam  of  white  light 
be  passed  through  a  cube  of  colorless  fluorite  a  delicate  violet  color  is  called 
out  in  its  path.  This  effect  is  chiefly  due  to  the  action  of  the  ultra-violet 
rays,  and  is  connected  with  a  change  of  refrangibility  in  the  transmitted 
light. 

The  electrical  discharge  from  the  negative  pole  of  a  vacuum  tube  calls  out 
a  brilliant  fluorescence  not  only  with  the  diamond,  the  ruby,  and  many  gems, 
but  also  with  calcite  and  other  minerals.  Such  substances  may  continue  to 
emit  light,  or  phosphoresce,  after  the  discharge  ceases. 

346.  Phosphorescence. — The  continued  emission  of  light  by  a  substance 
(not  incandescent)  produced  especially  after  heating,  exposure  to  light  or  to 
an  electrical  discharge,  is  called  phosphorescence. 
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Fluorite  becomes  highly  phosphorescent  after  being  heated  to  about 
150°  C.  Different  varieties  give  off  light  of  different  colors;  the  chlorophane 
variety,  an  emerald-green  light;  others  purple,  blue,  and  reddish  tints.  ^J'his 
phosphorescence  may  be  observed  in  a  dark  place  by  subjecting  the  pulverized 
mineral  to  a  heat  below  redness.  It  is  even  called  out  by  a  sharp  blow  with  a 
hammer.  Some  varieties  of  white  limestone  or  marble,  after  slight  heating, 
emit  a  yellow  light;  so  also  tremolite,  danburite,  and  other  species. 

By  the  application  of  heat  minerals  lose  their  phosphorescent  properties. 
But  on  passing  electricity  through  the  calcined  mineral  a  more  or  less  vivid 
light  is  produced  at  the  time  of  the  discharge,  and  subseouently  the  specimen 
when  heated  will  often  emit  light  as  before.  The  lignt  is  usually  of  the 
same  color  as  previous  to  calcination,  but  occasionally  is  quite  different.  It  is 
in  general  less  intense  than  that  of  the  unaltered  mineral,  but  is  much 
increased  by  a  repetition  of  the  electric  discharges,  and  in  some  varieties  of 
fluorite  it  may  be  nearly  or  quite  restored  to  its  former  brilliancv.  It  has 
also  been  found  that  some  varieties  of  fluorite,  and  some  specimens  oi  diamond, 
oalcite,  and  apatite,  which  are  not  naturally  phosphorescent,  may  be  rendered 
so  by  means  of  electricity.  Electricity  will  also  increase  the  natural  intensity 
of  the  phosphorescent  light. 

Exposure  to  the  light  of  the  sun  produces  very  apparent  phosphorescence 
with  many  diamonds,  but  some  specimens  seem  to  be  destitute  of  this  power. 
This  property  is  most  striking  after  exposure  to  the  blue  rays  of  the  spectrum, 
while  in  the  red  rays  it  is  rapidly  lost. 
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SPECIAL  OPTICAL  CHARACTERS  BELONGING  TO  CRYSTALS 

OF  THE  DIFFERENT  SYSTEMS. 

346.  All  crystallized  minerals  may  be  grouped  into  three  grand  classy, 
which  are  distinguished  by  their  physical  properties,  as  well  as  their 
geometrical  form.     These  three  classes  are  as  follows: 

A.  hometric  clasSj  embracing  crystals  of  the  isometric  system,  which  are 
referred  to  three  equal  rectangular  axes. 

B.  hodiametric  class,  embracing  crystals  of  the  tetragonal  and  hexagonal 
systems,  referred  to  two,  or  three,  equal  lateral  axes  and  a  third,  or  fourth;^ 
axis  unequal  to  them  at  right  angles  to  their  plane.  Crystals  of  this  class  have 
a  fixed  principal  axis  of  crystallographic  symmetry. 

C.  Anisometric  class,  embracing  the  crystals  of  the  orthorhombic,  mono- 
clinic,  and  triclinic  systems,  referr^  to  three  unequal  axes.  Crystals  of  this 
class  are  without  a  fixed  axis  of  crystallographic  symmetry. 

347.  Isotropic  Crystals.— Of  the  three  classes,  tlie  isometric  class  includes 
all  crystals  which,  with  respect  to  light  and  related  phenomena  involving  the 
ether,  are  isotropic;  that  is,  those  which  have  like  optical  proi>erties  in  all 
directions.  Specifically,  a  light-wave  is  propagated  in  them  with  the  same 
velocity  in  all  directions,  and  its  wave-front  is  therefore  a  sphere.  Hence, 
also,  the  sphere  mav  be  regarded  as  representing  the  optical  structure  of  an 
isometric  crystal.  The  geometrical  projierty  of  the  spnere  that  ever}'  cross- 
section  is  a  circle  corresponds  to  the  optical  property  of  the  isotropic  medium 
in  which  the  velocity  of  light-propagation  is  the  same  in  every  direction,  for 
this  l>eing  true,  the  medium  must  have  like  properties  of  the  ether  in  any 
plane  normal  to  such  a  line. 

It  muftt  be  repeated  here,  however,  that  such  a  crystal  is  7iof  isotropic  with 
reference  to  those  characters  which  dei>end  directly  ui>on  the  molecular  struc- 
ture aIo?ie,  Jis  cohesion  and  elasticity.     (See  Art.  254.) 

Further,  aniorphou?  bodies,  as  glass  and  opal,  which  are  destitute  of  any 
oriented  molecular  structure— that  is,  those  in  which  all  directions  are  sensibly 
the  same — are  also  isotropic,  and  not  only  with  reference  to  light,  but  also  as 
regards  their  Htrietly  molecular  properties. 

348.  Anisotropic  Crystals ;  Uniaxial  and  Biaxial. — Crystals  of  the  isodia- 
METJiic  and  axisom?:tkk.'  classes,  on  the  other  hand,  are  in  distinction  aniso- 
tropic.  Their  optical  properties  are  in  general  unlike  in  different  directions, 
or,  more  particularly,  the  velocity  with  which  light  is  propagated  varies  with 
the  direction. 

Further,  in  crystals  of  the  isodiametric  class  that  variable  property  of  the 
light-ether  upon  which  the  velocity  of  propagation  depends  remains  constant 
for  all  directions  which  are  normal,  or,  again,  for  all  those  equally  inclined  to 
the  vertical  crystallographic  axis.  In  the  direction  of  this  axis  there  is  no 
double  refraction;  it  is  hence  called  the  oj)tic  axis,  and  the  crystals  of  this 
class  are  said  to  he  uniaxial.  The  optical  structure  of  uniaxial  crystals  can  be 
represented  bv  a  spheroid,  that  is,  an  ellipsoid  of  revolution  whose  axis  of 
revolution  is  tfic  optic  axis,  or  axis  of  crystallographic  symmetry.  The  direction 
and  properties  of  this  optic  axis  will  be  seen  to  correspond  to  the  geometrical 
property  of  the  spheroid,  a  section  of  which  normal  to  this  axis  is  always  a 
circle. 

Crystals  of  the  third  or  anisometric  class  have  more  complex  optical  rela- 
tions requiring  special  explanation,  but  in  general  it  may  be  stated  that  in  them 
there  are  always  two  directions  analogous  in  character  to  the  single  optic  axis 
spoken  of  above,  hence  these  crystals  are  said  to  be  optically  biaxial.    Further, 
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it  will  be  shown  that  their  optical  structure  may  be  represented  geometrically 
by  an  ellipsoid  with  three  unequal  rectangular  axes.  Every  such  ellipsoid  has 
two  directions  in  which  it  can  oe  cut  yielding  cross  sections  which  are  circles; 
the  optic  axes  spoken  of  will  be  seen  later  to  be  normal  to  these  planes  after 
the  analogy  of  uniaxial  crystals. 

In  crystals  of  the  orthorhombic  system  the  axes  of  the  ellipsoid  coincide 
in  direction  with  the  crystallographic  axes.  In  crystals  of  tne  monoclinic 
system  one  of  these  ellipsoidal  axes  coincides  with  the  axis  of  crystallographic 
symmetry,  the  other  two  lie  in  the  plane  of  symmetry.  In  crystals  of  the 
triclinic  system  there  is  no  necessary  relation  between  the  position  of  the 
ellipsoidal  axes  and  those  assumed  to  describe  the  crystallographic  form. 

All  of  these  points  require  detailed  discussion,  but  the  above  statements 
will  partially  serve  to  bring  out  the  intimate  connection  between  the  molec- 
ular structure  exhibited  in  the  geometrical  form  and  the  optical  characters 
depending  upon  the  properties  belonging  to  the  light-ether  within  the  crystal. 

A.  Isometric  Crystals. 

349.  It  has  been  stated  that  crystals  of  the  isometric  system  are  optically 
isotropic y  and  hence  light  travels  with  the  same  velocity  in  every  direction  in 
them.  Light  can,  therefore,  suffer  only  single  refraction  in  passing  into  an 
isotropic  medium  ;  or,  in  other  words,  there  can  be  but  one  value  of  the 
refractive  index  for  a  given  wave-length.  If  this  be  represented  by  n,  while 
V  is  the  velocity  of  light  in  air  and  v  that  in  the  given  medium,  then 

V  V 
w  =  — ,  or  t;  =  — . 

V  n 

The  wave- front  for  light- waves  propagated  from  any  point  within  such  an 
isotropic  medium  is  a  sphere,  and,  as  already  stated,  this  geometrical  figure 
may  be  taken  as  representing  the  optical  structure  of  an  isometric  crystal. 

This  statement  holds  true  of  all  the  groups  of  isometric  crystals.  In  other 
words,  a  crystal  of  maximum  symmetry,  as  fluorite,  and  one  having  the 
restricted  symmetry  characteristic  of  the  tetrahedral  or  pyritohedral  divisions, 
have  alike  the  same  isotropic  character.  Two  of  the  groups,  however,  namely 
the  plagihedral  and  the  tetartohedral  groups,  differ  in  tliis  particular:  that 
crystals  belonging  to  them  may  exhibit  what  has  already  been  defined  (Art. 
323)  as  circular  polarization. 

350.  Behavior  of  Sections  of  Isometric  CryBtals  in  Polarized  Light. — In  con- 
sequence of  their  isotropic  character,  isometric  crystals  exhibit  no  special 
phenomena  in  polarized  light.  Sections  of  transparent  isometric  crystals  may 
oe  always  recognized  as  such  by  the  fact  that  they  behave  as  an  amorphous 
substance  in  polarized  light.     In  other  words,  a  section  on  the  stage  of  the 

f>olarization-microscope,  when  the  nicols  are  crossed,  appears  dark,  and  a  revo- 
ution  of  the  section  in  any  plane  produces  no  change  in  appearance.  Similarly, 
it  appears  light  in  any  position  when  placed  between  parallel  nicols.  Some 
anomalies  are  mentioned  on  a  later  page  (Art.  411). 

The  single  refractive  index  may  be  determined  by  means  of  a  prism  cut 
with  its  edge  in  any  direction  whatever. 

B.  Uniaxial  Crystals. 

General   Optical   Relations. 

351.  The  crystallographic  and  optical  relations  of  crystals  belongins^  to 
crystals  of  the  tetragonal  and  hexagonal  systems  have  already  been  briefly 
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summarized  (Art.  348);  it  now  remains  to  develop  their  optical  characters  more 
fully.  This  can  be  done  most  simply  by  making  frequent  use  of  the  familiar 
conception  of  a  light-ray  to  represent  the  character  and  motion  of  the  light- 
ivave. 

352.  Optic  Axis.  Ordinary  and  Extraordinary  Bay. — The  study  of  a  crystal 
belonging  to  this  class  shows,  in  the  first  place,  that  light-rays  which  pass  in 
the  direction  of  the  vertical  axis  suffer  no  double  refraction.  This  direction  is 
that  called  the  optic  axis.  Since  the  rays  spoken  of  are  propagated  by  vibra- 
tions at  right  angles  to  the  vertical  axis,  that  is,  in  the  plane  of  the  lateral 
crystallographic  axes,  this  observed  fact  proves  that  for  sucn  rays  there  is  but 
one  value  of  the  refractive  index,  and,  further,  that  all  the  lateral  directions 
must  be  identical  so  far  as  those  properties  of  the  ether  are  concerned  upon 
which  the  velocity  of  light  depends. 

On  the  other  hand,  light  which  passes  through  the  crystal  in  any  other 
direction  than  that  of  the  vertical  axis  suffers  double  refraction]  in  other  words, 
it  is  separated  into  two  rays,  which  are  propagated  with  different  velocities. 
This  is  true  (see  Art.  310)  even  when  the  rays  follow  the  same  path,  as  in  the 
case  of  perpendicular  incidence  upon  the  riven  face. 

Both  of  these  rays  are  completely  polarized,  and  that  in  planes  at  right 
angles  to  each  other. 

It  is  found,  further,  that  for  one  of  these  two  rays,  namely,  that  propagated 
by  vibrations  normal  to  the  vertical  axis,  there  is  a  constant  value  of  the 
refractive  index,  whatever  its  direction;  moreover,  this  value  follows  the  usual 
law  as  to  the  constant  ratio  between  the  sines  of  the  angles  of  incidence  and 
refraction  (Art.  298).  It  is  hence  called  the  ordinary  ray,  and  the  correspond- 
ing refractive  index  is  uniformly  represented  by  the  letter  od. 

For  the  other  ray,  on  the  other  band,  it  is  found  that  the  refractive  index 
varies,  and  in  general  it  does  not  obey  the  sine  law.  It  is  hence  called  the 
extraordinary  ray.  Further,  if  the  direction  of  propagation  changes  progres- 
jBively  from  that  nearly  coinciding  with  the  vertical  axis  to  that  in  the  lateral 
plane  normal  to  it,  it  is  found  that  the  value  of  the  refractive  index  of  the 
extraordinary  ray  deviates  more  and  more  widely  from  the  constant  value  for 
the  ordinary  ray,  and  this  difference  becomes  a  maximum  when  the  former  is 
propagated  in  a  lateral  plane  normal  to  the  vertical  axis,  that  is,  by  transverse 
vibrations  in  the  direction  of  this  axis.  This  last  value  of  the  refractive  index 
is  represented  by  the  letter  e.  These  two  indices,  oj  and  e,  are  called  the 
principal  indices  of  a  uniaxial  crystal.  A  principal  section  of  a  uniaxial 
crystal  is  a  section  passing  through  the  vertical  axis. 

353.  Positive  and  Negative  Crystals. — Uniaxial  crystals  are  divided  into 
two  classes.  Those  in  which  the  refractive  index  of  the  extraordinary  ray,  e,  is 
greater  than  that  of  the  ordinary  ray,  cj,  are  called  positive.  This  is  illustrated 
by  quartz  for  which  (for  yellow  sodium  light) : 

oj  =  1-544.  €  =  1-553. 

On  the  other  hand,  if  g?  is  greater  than  e,  the  crystal  is  said  to  be  negative. 
Calcite  is  an  example,  for  which  (for  sodium  light): 

00  =  1-658.  €  =  1-486. 

Other  examples  are  given  later  (Art  356). 

354.  Wave-surface. — Remembering  that  the  velocity  of  light-propagation 
is  always  inversely  proportional  to  the  corresponding  refractive  index,  it  is 
obvious  that  the  velocity  of  the  ordinary  ray  for  all  directions  in  a  uniaxial 
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crystal  must  be  the  same^  being  uniformly  proportional  to 


Q7 


195 

In  other 


words,  the  w^ve-front  of  the  ordinary  ray  must  be  a  sphere. 

For  the  extraordinary  ray,  however,  the  velocity  varies  with  the  direction, 

being  proportional  to  -  in  a  lateral  direction  and  becoming  sensible  equal 
to  —  when  nearly  coincident  with  the  direction  of  the  vertical  axis.     The 

law  of  the  varying  change  of  velocity  between  these  values,  —  and  —  is  given 

by  an  ellipse  whose  axes  (OC,  0-4,  Figs.  618, 519)  are  respectively  proportional 
to  the  above  values. 

618.  619. 

c 


OC:OA:=z 

This  law,  suggested  by  Huygens,  has  since  been  verified  by  accurate 
experiments  by  several  observers  for  typical  substances,  as  calcite  and  soda 
niter;  hence  it  is  accepted  without  question  as  a  law  of  nature.  The  wave- 
front  of  the  extraordinary  ray  is  then  a  spheroid,  or  an  ellipsoid  of  revolution 
whose  axis  coincides  with  the  vertical  crystallo^aphic  axis,  that  is,  the  optical 
axis.  In  the  direction  of  the  vertical  axis  it  is  obvious  that  the  two  wave- 
fronts  coincide. 

620.  621. 


Negative  crystal,  oo>  e.  Positive  crystal,  e  >  eo. 

Figures  520  and  521  represent  vertical  sections  of  the  combined  wave- 
4nirfaces  for  both  rays.     Ficr.  520  ^rrives  that  for  a  yf^fraiire  crystal  like  calcite 
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{a>  >  c);  Fig.  521  that  of  ^positive  crystal  like  quartz  (e  >  <a).  Fig.  522  ia 
an  attempt  to  abow  the  relations  of  the  two 
wave-fronU  of  a  negative  crystal  in  perepective.* 
The  constant  value  of  the  velocity  of  the  ordinary 

ray    I  — ],  whatever  its  direction  in  this  plane,  ia 

expressed  by  the  radius  of  the  circle  (=  00), 
On  the  other  hand,  the  velocity  of  the  extra- 
ordinary ray   in   the  lateral  direction  is  given   ^ 

by  Oa[-\,  while  in  a  direction  as  Osr,  Fig.  520 

(Ore,  Fig.  531),  it  is  expressed  by  the  length  of 

this  line,  becoming  more  and  more  nearly  eqaat  to  0C[~\  as  its  direction 

approaches  that  of  the  vertical  axis. 

355.  IndioRtriz. — It  will  now  be  understood  what  was  meant  by  the  state- 
ment in  Art.  34B  that  the  optical  structure  of  a  uniaxial  crystal  may  be 
represented  by  an  ellipsoid  of  revolution,  and  it  is  fnrther  obvious  that  the 
ratio  between  the  axes  of  this  ellipsoid  must  be  as  already  given : 


OC:  OA  = 


It   has   been   shown   bv   Fletcher  f   that   this   ellipsoid,  called   by  him  the 

indicatrix,   may    be   taken   to    represent   the 

optical  characters  of  both  rays  without  refer-  ^**-    _ 

eoce  to  the  wave-surface,  since  it  can  be  proved 

geometrically  J  that  for  a  given  direction,  as  Or, 
the  velocity  of  the  extraordinary  ray  is  expressed 
not  only  by  Or  but  also  by  the  inverse  of  the 
normal  upon  it  from  the  point  Ji  (determined 

by  the  tangents  to  the  ellipse),  that  is,  by  -^t^; 

also  this  normal  fixes  the  plane  of  jKilnrization 
which  is  perpendicular  to  EX.  Further,  the 
Telocity  of  the  ordinary  ray,  having  the  same 
direction  (cf.  p.  195),  is  expressed  by  the  inverse 
of  the  second  normal  upon  the  same  line,  that 

is,  T— T,  since  this  normal  is  always  in  the  equatorial  plane,  the  section  of  which 

is  a  circle.     Fig.  523  shows  the  form  of  the  indicatrix  for  a  negative  crystal 

•  FigB.  522  and  588  nre  laken  from  MUller-Poiilllel's  Lehrbucli  rter  Pliysik. 
I  The  Optical  Indicatrix  aod  Ibe  TransmlBsIun  of  Light  \n  Crystals,  by  L.  Fletcher, 
Lonrtnn,  1S83- 

{ThU  follows,  from  the   property  of  the  ellipse   la   general,  since  the  parallelogram 

ORVr  =  0A.00.  that  I..  RN.Or  =  OA.OC  and  Or  =    '^'^'^^  ■    ''-  -  ^""^taDt 


RIf 


RN 


Id  other  words,  the  velocity  of  the  extraordioary  ray  (v.)  varies  Inveisely  a«  -^j^ 
Similarly,  fw  H  represeotcd  by  Ort,  tLat  is,  Id  tlie  Indicatrix  by 
1   /  .        rt.        n/.       OA.OO      ConManrt 
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*  like  calcite  (c»  >  e);  that  for  a  positive  crystal,  like  quartz  (e  >  co)  would  be 
a  prolate  spheroid. 

866.  Example!  of  PositiT*  and  Hegative  Crsntals.— The  foUowiDg  lists  give  promioent 
positive  aud  negative  uniaxial  crystals,  witii  the  values  of  the  refractive  indices,  oa  and  e, 
for  each,  correspoudiuc^  to  yellow  sodium  light.*  The  difference  between  these,  oo — €  or 
^— a>,  is  also  given;  this  measures  the  birefringence  or  strength  of  the  double  refraction. 

It  may  be  remarked  that  in  some  species  both  -f  ^iid  —  varieties  have  been  observed. 
y  Certain  crystals  of  apophyllite  are  positive  for  one  end  of  the  spectrum  and  negative  for 
the  other,  and  consequently  for  some  color  between  the  two  extremes  it  has  no  double 
refraction.  The  same  is  true  for  some  other  species  {e.g.,  chabazite)  of  weak  double 
refraction.  It  is  to  be  noted  also  that  while  eudialyte  is  positive,  the  related  eucolite  is 
negative. 

Negative  Cbtstals. 

00  €  CO— 6 

Proustite 8  0877  27924  0*2968 

Calcite 16585  1-4868  01722 

Tourmaline 1*6897  1*6208  00189 

Corundum 1*7675  1*7592  00088 

Beryl 1*5894  1*5821  0-0078 

Nephelite 1*5416  1*5876  00040 

Apatite 1-6461  1*6417  00084 

Yesuvianita 1*7285  1*7226  0*0009 

Positive  Cbtstals. 

00  €  € — 00 

Rutile  2-6158  2-9029  0*2871 

Cassiterite 1*9966  20984  0*0968 

Zircon 1*9818  1*9981  0-0618 

Phenacite 1-6540  1*6697  0  0157 

Brucite 1*5590  1*5795  0  0205 

Quartz 1*5442  1*5588  00091 

Apophyllite 1*5387  1*5856  0  0019 

Leucite 1*508  1*509  0001 

Examhiation  of  Uniaxial  Crystals  in  Polarized  Light, 

357.  Section  Normal  to  the  Axis  in  Parallel  Polarized  Light. — Suppose  a 
section  of  a  uniaxial  crystal  to  be  cut  perpendicular  to  the  vertical  axis.  It 
has  already  been  shown  that  light  passing  through  the  crystal  in  this  direction 
suffers  no  double  refraction;  consequently,  such  a  section  examined  in  parallel 
polarized  light  in  the  instrument  called  an  orthoscope  (Fig.  515),  or  in  the 
polarization-microscope  (Figs.  516,  517),  behaves  as  a  section  of  an  isometric 

.   crystal,  or  of  an  amorphous  substance.     If  the  nicols  are  crossed  it  appears 
darky  and  remains  so  when  revolved. 

358.  Section  Parallel  to  the  Axis. — A  section  cut  parallel  to  the  vertical 
axis,  as  already  explained,  has  two  directions  of  light-vibration,  one  parallel 
to  this  axis  and  the  other  at  right  angles  to  it.  A  ray  of  ordinary  light  falling 
upon  such  a  section  at  right  angles  is  divided  into  the  two  rays,  ordinary  and 
extraordinary,  which,  however,  m  this  special  case  of  perpendicular  incidence 
travel  on  in  the  same  path  through  the  crystal,  but  one  of  them  retarded 
relatively  to  the  other.  In  parallel  polarized  light  between  crossed  nicols 
«uch  a  section  will  appear  dark  if  the  directions  of  its  two  vibration-planes 
coincide  with  the  vibration-planes  of  the  nicols.    Thus  in  Fig.  524,  AA  being 


->_ 


*  For  authorities,  sec  Dana's  System,  1892.    For  coruudum  and  brucite  the  values  of 
«#r  Aod  er  are  given. 
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the  vibration-plane  of  the  lower  nicol  (polariKsr)  and  BB  of  the  upper  nicol  ' 
(anitlyzer),  the  light  that  has  passed  through  tlie  polarizer  has  its  vibrations 
limited  to  the  plane  AA\  these,  therefore,  pass  through  the  section  abed,  but 
they  are  arrested  or  extinguished  by  the  second  nicol.  The  same  will  be  true 
if  the  section  is  turned  at  right  angles  to  the  first  position,  that  is,  into  the 
position  a'b'c'd',  represented  by  the  dotted  lines. 

If  the  section  stand  obliqoely,  as  abed  in  Fig.  525,  it  will  appear  light 
to  the  eye  (and  usually  coloreuj.     For  the  vibrations  parallel  to  AA  that  have 
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passed  through  the  polarizer  have  upon  resolution  a  component  in  the  direc- 
tion of  each  of  the  vibration -planes  of  the  section.  Again,  each  of  these 
components  can  be  resolved  along  the  direction  of  the  vibration-plane  of  the 
upper  nicol,  BB.  Therefore,  two  rays  will  emerge  from  the  analyzer,  both 
having  the  same  vibration-plane,  but  one  more  or  less  retarded  with  reference 
to  the  other,  the  amonnt  of  retardation  increasing  with  the  birefringence  and 
tlie  thickness  of  the  section.  In  general,  therefore,  these  rays  will  interfere, 
and  if  the  thickneaa  of  the  section  is  snHiciont  (and  not  too  great)  it  will 
appear  colored  in  white  light  and,  supposing  the  thickness  uniform,  of  the 
same  color  throughout. 

Any  section  whatever  of  a  nniuxial  crystal  appears  dark  between  crossed 
nicols  if  its  principal  section  (Art.  362)  coincides  with  the  vibnition -plane  of 
either  nicol. 

359.  Color  of  a  Section  in  Parallel  Polarized  Light.  Birefringence. — The 
interference-color  of  a  section  under  examination  depends  (Art.  320)  u])on  its 
thickness  and  upon  the  birefringence;  this  biiefringence  has  a  maximum 
value,  equal  to  w  —  e  or  e  —  <»,  if  the  section  is  cut  parallel  to  the  optic  axis 

(,-...,  II  ,1). 

The  following  table*  gives  the  tliickness  (in  millimeters)  of  sections  of  a 
few  uniaxial  crystals  which  yield  red  of  the  first  order: 

Birefringence  Ttiicltness  in 

(03  -  -)  or  (t  -  a).  Jlillinieters. 

Rutilo 0-287  0-0<H9 

Oalcito 0-172  0003L' 

Zircon 0-003  OOOS!I 

Tourmaline  0-033  0-0340 

Quartz 0  009  0  0613 

Nephetite 0-004  0-1377 

Lcucite 0-001  0-5510 
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imple,  it  may  be  noted  that  with  zircoD  (f  ~  ca  =  0  0S2).  n  tliickneaB 
■s  red  of  the  flist  order;  of  0  017  red  of  the  secood  order;  of  OOW 
led  of  the  third  order. 

The  methods  ordinarily  used  to  delcrmlne  the  hirefrioKcnce  of  a  section  (not  j_  i)ol  n 
uu[hxIu1  crystal,  as  ftlso  to  fix  the  retulive  vulue  of  iU  two  Tibriition-diiectious,  are  the  same 
as  those  employed  for  biaxial  ciyslals,  and  the  discuasloD  of  Ibem  is  poslpooed  to  a  later 
page  (Art.  3M). 

360.  Uniaxial  Interfere&oe-flgnre. — If  an  axial  section,  that  is,  one  cnt 
normal  to  the  vertical  axis  i,  of  suitable  thickness,  be  viewed  in  converging  • 
polarized  light  in  a  polariaoope,  e.g.,  the  conoscope  (Art.  327,  Fig.  514),  or  the 
tourmaline  tongs  (Big.  513),  or  again  in  the  microscope*  arranged  for  the 
purpose,  it  no  longer  appears  dark.  On  the  contrary,  a  beautiful  pnenomenon 
is  observed:  asymmetrical  black  cross — when  the  nicols  or  totirnialiue  plates 
are  crossed — with  a  eericB  of  concentric  rings,  dark  and  light  in  motiocbromatto 
light,  but  in  white  light  showing  the  prismatic  colors  in  succession  in  each 
ring.  This  is  represented  without  the  colors  in  Fi^;.  526,  and  with  the  colors 
in  Fig,  1  of  the  plate  forming  the  frontispiece  to  this  volume. 

This  cross  becomes  white  when  the  nicols  or  tourmaliues  are  in  a  parallel 
position,  and  each  band  of  color  in  white  light  changes  to  its  complementary 
tint  (cf.  Fig.  52?).  These  interference- figures,  seen  f  in  this  form  only  in  a 
plate  cut  perpendicular  to  the  vertical  axis,  mark  the  uniaxial  character  of 
the  crystal. 

The  explanation  of  this  phenomenon,  so  far  as  it  can  be  given  in  a  brief 

statement,  is  as  follows:  All  the  rays  of  light  perpendicular  to  the  plane  of 

the  section,  that  is,  those  whose  vibrations  coincide  sensibly  with  the  Tihration* 

planes  of  either  of  the  crossed  nicols,  must  necessarily  be  extinguished.     This 

636.  627. 


gives  rise  to  the  black  cross  in  the  center,  with  its  arms  in  the  direction  of  the 
planes  mentioned.  Obviously  this  cross  will  be  darkest  along  its  central  aiis, 
while  it  fades  out  on  the  sides.  All  other  rays  passing  tlirough  the  given  plate 
obliquely  are  doubly  refracted,  and  after  passing  through  the  second  nicol,  thus 
being  referred  to  the  same  plane  of  polarization,  they  interfere,  and  give  rise 

•After  the  section  is  iu  position  on  the  slaije.  nnd  properly  focused.  tLe  eye-piece  is 
removed  and  Q  condensing  lens  inserted  over  the  lower  nicol.  It  is  fmporliint  to  use  a 
relatively  high-power  oojeclive.  It  ia  also  posaible  losee  axial  flgiireii  wiilioiit  removlnjr 
the  eye-piece  by  usiDg  a  magidfyine  glass  utove  tUe  latter.  Cf.  Klein.  Jb.  Miu..  Beil.-Bd  , 
3.  MO,  1685:  also  Bertrand.  Bull.  Sue.  Min.,  1.  22.  96.  1678:  3.  97.  1880. 

+  Uniaxial  crystals  wbich  produce  circular  polarization  eiblbit  an  aiial  Inlprference- 
figure  (Fig.  3  of  ibe  plate  referred  to  aluive)  which  differs  somewbiit  from  tLul  descril)ed. 
H  noted  Iu  Art.  866.    Some  anomalies  are  mentioned  later.    (Art.  411.) 
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to  a  series  of  concentric  rings,  light  and  dark  in  monochromatic  light,  but  in 
ordinary  light  showing  the  successive  colors  of  the  spectrum.  The  phenomenon 
is  closely  analogous  to  that  of  the  Newton's  rings  mentioned  in  Art.  313.  A 
cone  of  converging  rays  passes  through  the  crystal  and,  having  traversed  the 
second  nicol,  each  is  divided  into  two  rays  with  common  vibration-planes,  but 
one  of  them  (the  ordinary  ray  in  positive  crystals)  slightly  retarded  with 
reference  to  the  other.  When  the  amount  of  retardation  is  equal  to  a 
wave-length  (supposing  monochromatic  light  to  be  employed)  the  effect  of  the 
interference  is  to  destroy  the  Hght  and  the  plane  section  of  the  cone,,  or  circle, 
appears  dark.  Other  dark  rings  are  seen  at  distances  which  correspond  to  a 
retardation  of  |,  |,  },  etc.,  of  a  wave-length.  If,  however,  the  retardation 
amounts  to  a  whole  wave-length  or  any  multiple  of  this,  the  two  rays  unite  to 
strengthen  each  other  and  give  rise  to  a  Hght  ring.  If  ordinary  white  light  is 
employed,  the  relations  are  similar  but  the  retardation  cones  overlap  because 
of  the  different  values  of  the  refractive  indices  (t.«.,  velocities)  for  the  different 
wave-lengths,  and  the  series  of  colored  circles  is  the  result. 

The  distance  of  each  successive  ring  from  the  center  obviously  depends 
upon  the  birefringence,  or  the  difference  between  the  refractive  indices  for 
the  ordinary  and  extraordinary  ray,  and  also  upon  the  thickness  of  the  plate. 
The  stronger  the  double  refraction  and  the  thicker  the  plate,  the  smaller  the 
angle  of  the  light-cone  which  will  give  a  certain  amount  of  retardation,  or, 
in  other  words,  the  nearer  the  circles  will  be  to  the  center.  Further,  for  the 
same  section  the  circles  will  be  nearer  for  blue  light  than  for  red,  because  of 
their  shorter  wave-length.  When  the  thickness  of  the  plate  is  considerable, 
only  the  black  brushes  are  distinctly  seen. 

361.  Determination  of  the  EefractiYe  Indices. — A  single  prism  suffices  for 
the  measurement  of  the  indices  of  refraction,  co  and  6,  with  tne  refractometer. 
Further,  its  edge  may  be  either  parallel  to  the  vertical  axis  or  at,  right  angles 
to  this  direction.  Such  a  prism  yields  two  images  of  the  slit,  one  correspond- 
ing to  the  ordinary  and  the  other  to  the  extraordinary  ray,  and  for  each  the 
angle  of  minimum  deviation  is  to  be  determined,  that  is,  the  angle  6  in  the 
general  formula  of  Art.  304.  Which  of  the  two  rays  corresponds  to  the 
ordinary  and  which  to  the  extraordinary  ray  can  be  easily  distinguished  by 
means  of  a  nicol,  the  position  of  whose  vibration-plane  is  known.  This  will 
extinguish  that  ray  whose  vibrations  take  place  in  a  plane  at  right  angles  to 
its  own  vibration-plane. 

362.  Other  Methods  for  Determining  the  Refractive  Indices. — The  method 
of  total  reflection  (Arts.  303  and  325)  may  also  be  employed  to  determine  the 
values  of  (o  and  e.  The  section  taken  of  a  uniaxial  crystal  has  its  surface 
most  conveniently  parallel  to  the  vertical  axis.  It  is  so  placed  that  the  direc- 
tion nor?nal  to  the  optic  axis  is  horizontal.  The  light  is  here  separated  into 
two  rays,  having  separate  limiting  surfaces,  and  with  a  nicol  prism  it  is  easy 
to  determine  which  of  them  corresponds  to  the  vibrations  parallel  and  perpen- 
ilicular,  respectively,  to  the  optic  axis. 

Again,  it  is  possible  to  obtain  the  refractive  indices  with  considerable 
accuracy  from  measurements,  in  the  plane  of  the  axes,  of  the  distances  between 
the  ))hick  rings  in  the  interference-figures  as  seen  in  homogeneous  light.  The 
relation  between  these  distances  and  the  optical  "axes  of  elasticity"  was 
estal)lished  by  Neumann  (Pogg.  Ann.,  33, 1^57, 1834).  Bauer  has  also  developed 
the  same  method  as  applied  to  uniaxial  crvstals,  and  employed  it  in  the  case 
of  brucite  (Ber.  Ak.  Berlin,  1877,  704,  and  *1881,  958). 

With  the  polarization-microscope  the  most  simple  method  is  that  of  the 
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Duke  de  ChuiilDes,  explained  in  Art.  326;  this  requires,  however,  that  the  two 
quantities  meaaured  tthoiilil  be  determined  with  a  considerable  degree  of 
flccuraoy,  if  the  result  is  to  be  more  than  an  approximation.  (Gf.  further, 
Kosenbusch,  Mikr.  Fhys.,  p.  155  et  seq.,  1893.) 

363.  Determination  of  the  Poiitive  or  Hegative  Character.— The  most 
obvious  way  of  determining  the  character  of  the  double  refraction  (e  >  tw  or 
a>  >  e)  is  to  measure  the  refractive  indices  in  accordance  with  the  principles 
explained  in  thv  preceding  articles.  It  is  not  always  possible,  however,  to 
obttun  a  prism  snitable  for  this  purpose,  and  in  any  case  it  is  convenient  to 
have  a  more  simple  method  of  accomplishing  the  result. 

In  the  case  of  nniaxial  crystals,  the  method  which  is  practically  the  most 
simple  is  that  suggested  by  Dove — the  use  of  a  cleavage  plate  of  muscovite  of 
such  thickness  that  the  two  rays  in  passing  through  sufter  a  diSerence  of  phase 
which  is  equal  to  a  qnarter  wave-length,  or  an  odd  multiple  of  this.  It  is  often 
Cfllled  a  quarter-undulation  plate  (see  Art.  322). 

Suppose  that  the  section  of  the  crystal  to  be  examined,  cut  perpendicular 
to  the  axis,  is  brought  between  the  crossed  nicols  in  the  polarlscope;  the  black 
cross  and  the  concentric  colored  rings  are  of  course  visible.  Let  now,  while 
the  given  section  occupies  this  position,  the  mica  plate  be  placed  over  it,  with 
the  plane  of  its  optic  axes  (determined  beforehand,  and  the  direction  marked 
by  a  line  for  convenience)  making  an  angle  of  45°  with  the  vibration -planes  of 
the  nicols.  The  interference- figure  is  completely  transformed.  The  colored 
rings  are  broken  by  two  more  or  less  529.  B30. 

distinct  hyperbolic  brushes  which  pass 
through  two  black  spots  near  the  center, 
while  the  rings  in  the  corresponding 
quadrants  are  pushed  out  from  the 
<Mnter,  and  in  the  two  remaining 
pushed  in. 

If  now   the    line  joining   the   two 
dark  spots  is  at  right  angles  to  the  axial 

Elane  of  the  mica  (shown  in  the  tigui 
y  the  arrow)  the  crystal  under  experiment  is  opposite  in  refractive  cliaracter 
to  the  mica,  that  is,  positive  (Fig.  529);  if  this  lino  coincides  with  axial  direc- 
tion, the  crystal  is  like  the  mica,  negative  {Fig.  530). 

8M.  With  tlie  micioscope  tbe  atove  method  may  niso  be  employed.  Ilie  mien  pinte. 
usually  iu  Ihe  form  of  a  oHrrow  strip  wboae  «)ongaiion  is  Ihal  of  tlie  plwiie  of  llie  opiic 
AXts,  being  Introilnccil  ilirough  a  slit  <u  the  tube  iKtneen  iLe  section  aud  llie  unHlyzer. 
Here,  however,  the  field  of  view  is  smaller  llian  In  Ibe  ixilarlscope.  aii<l  the  black  dols  are 
not  always  dlsiiticlly  observed  ;  llils  Is  particularly  true  if  the  section  lie  very  tlilii  or  Ihe 
iniueral  of  Ion  birefringeuce.  In  siicb  coses  il  seleniie  plate  is  conveniently  employed. 
Tbis  is  of  such  thickness  as  io  give  a  red  of  tbe  first  order,  niid  tbe  direction  of  eloneallon 
usiiHlly  corresponds  to  tbe  axis  a  (Art.  S7S),  The  plate  is  inserted  in  tbe  tiil>e  with  its  axes 
Inclined  45*  to  tbe  vihruiiou-plaiies  of  ibe  tiicols.  This  serves  to  increase  the  retardation 
between  the  two  rnys  traversing  the  aectiuns  Id  two  alternate  quadrants  and  to  diminish  this 
Id  tbe  others  ;  the  eSeet  heing  shown  bv  Ibe  rise  or  fall  of  the  interference- colors,  as  com- 
pared with  tbe  usual  scale  (Art.  S90).  For  example,  two  blue  areas  (accood  order)  may  l>e 
seeu  iu  two  opposite  qnadmiits  and  two  yellow  (first  order)  In  the  othei-s.  The  btite  areas 
here  correspond  in  iKisition  to  tbe  lilack  dots  iu  Figs.  539  and  530  ;  hence  if  the  line  Joining 
them  is  tmasverse  to  that  ot  the  axis  (a)  of  the  selenlte  plaie  tiie  mineral  is  positive  :  if  it 
coincides  with  it  the  mineral  is  negative. 

365.  Absorption  Phenomena  of  Uniaxial  Crystals.  Dichroism.  — In  uniaxial 
crystals  it  has  been  seen  that  there  are  two  distinct  values  for  the  velocity  of 
light  transmitted  by  them,  according  as  the  vibrations  take  place  parallel  or 
at  right  angles  to  the  vertical  axis.     Similarly  the  crystal  may  exert  different 
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degrees  of  absorption  upon  the  rays  transmitted  by  vibrations  in  these  twa 
directions.  For  example,  a  transparent  crystal  of  zircon  looked  through  in 
the  direction  of  the  vertical  axis  appears  of  a  pinkish-brown  color,  while  in 
a  lateral  direction  the  color  is  asparagus-green.  This  is  because  the  rays 
(extraordinary)  \ihvtit\r\g  parallel  to  the  axis  are  absorbed  with  the  exception 
of  those  which  together  give  the  green  color,  and  those  vibrating  laterally 
(ordinary)  are  absorbed  except  those  which  together  appear  pinkish -brown. 

Again,  all  crystals  of  tourmaline  in  the  direction  of  the  vertical  axis  are- 
opaque,  since  the  ordinary  ray,  vibrating  normal  to  the  axis,  is  absorbed,  while^ 
light-colored  varieties,  looked  through  laterally,  are  transparent,  for  the  extraor- 
dinary ray,  vibrating  parallel  to  the  axis,  is  not  absorbed;  the  color  differs  in 
different  varieties.  Thus  all  uniaxial  crystals  may  be  dichroic  or  have  two 
distinct  axial  colors. 

The  absorption-colors  are  most  satisfactorily  investigated  by  examining  a 
section  cut  parallel  to  the  vertical  (optic)  axis  under  the  microscope  provided 
with  a  single  polarizing  nicol.  The  light  that  passes  through  the  section  is 
then  that  corresponding  to  vibrations  coinciding  with  the  known  vibration- 
plane  of  the  nicol,  and  as  the  section  is  rotated  90°,  both  the  two  axial  colors 
are  observed  in  succession.  References  to  some  important  papers  on  this  sub- 
ject are  given  on  p.  219. 

An  iustrument  called  a  dic?iroic&pe,  contrived  by  Hiiidinger,  is  sometimes  used  for 
examining  this  property  of  crystals.  An  oblong  rhombohedron  of  Iceland  spur  has  a  glass 
prism  of  18"  cemented  to  each  extremity.  It  is  placed  in  a  metallic  cylindrical  case,  as  in 
the  figure,  baviug  a  convex  lens  at  one  end.  and  a  square  bole  at  the  other.     On  looking 

531.  532. 


through  it,  the  square  hole  appears  double ;  one  image  belongs  to  the  ordinary  nnd  the 
other  to  the  extraordinary  ray.  When  a  pleochroic  crystal  is  examined  with  it  by  trans- 
mitted light,  on  revolving  it  the  tjvo  squares,  at  intervals  of  90*  in  the  revolution,  have 
different  colors,  corresponding  to  the  vibration-planes  of  the  ordinary  and  extraordinary 
ray  in  calcite.  Since  the  two  images  are  situated  side  by  side,  a  very  slight  difference  of 
color  is  perceptible. 

366.  Circular  Polarization. — The  subject  of  elliptically  polarized  light  and 
circular  polarization  has  already  been  briefly  alluded  to  in  Art.  323.  This 
phenomenon  is  most  distinctly  observed  among  minerals  in  the  case  of  crystals 
belonging  to  the  rhombohedral-trapezohedral  group,  that  is,  quartz  and  cinnabar. 

It  lias  been  explained  that  a  section  of  an  ordinarv  uniaxial  crystal  cut 
normal  to  the  vertical  (optic)  axis  appears  dark  in  parallel  polarized  light  for 
every  position  between  crossed  nicols.  If,  however,  a  similar  section  of  quartz, 
say  1  mm.  in  thickness,  be  examined  under  these  conditions,  it  appears  dark 
in  monochromatic  light  only,  and  that  not  until  the  analyzer  has  been  rotated 
so  that  its  vibration-plane  makes  for  sodinm  light  an  angle  of  24°  with  that  of 
the  polarizer.  In  other  words,  this  qnartz  section  has  rotated  the  plane  of 
polarization  (i.e.,  the  vibration-plane  normal  to  it)  some  24°,  and  here  either 
to  the  right  or  to  the  left,  looking  in  the  direction  of  the  light.  The  amount 
of  this  rotation  increases  with  the  thickness  of  the  section,  and  as  the  wave- 
length of  the  light  diminishes  (for  red  this  angle  of  rotation  for  a  section  oi 
1  mm.  is  about  19°,  for  blue  32°).    The  direction  of  the  rotation  is  to  the  right 
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or  left,  as  defined  above — according  as  the  crystal  is  crystallographically  right-^ 
handed  or  left-handed  (p.  83). 

If  the  same  section  of  quartz  (cut  perpendicular  to  the  axis)  be  viewed 
between  crossed  nicols  in  converging  polarized  light,  it  is  found  that  the  inter- 
ference-figure differs  from  that  of  an  ordinary  uniaxial  crystal.  The  central 
portion  of  the  black  cross  has  disappeared,  and  instead  the  space  within  the 
inner  ring  is  brilliantly  colored.*  Furthermore,  when  the  analyzing  nicol  i» 
revolved,  this  color  changes  from  blue  to  yellow  to  red,  and  it  is  found  that  in 
some  cases  this  change  is  produced  by  revolving  the  nicol  to  Ihe  rights  and  in 
other  cases  to  the  left;  tne  first  is  true  with  right-handed  crystals,  and  the 
second  with  left-handed.  If  sections  of  a  right-handed  and  left-handed  crystal 
are  placed  together  in  the  polariscope,  the  center  of  the  interference-figure  is- 
occupied  with  a  four-rayed  spiral  curve,  called,  from  the  discoverer,  Airy's 
spiral.  Twins  of  quartz  crystals  are  not  uncommon,  consisting  of  the  combina- 
tion of  right-  and  left-handed  individuals  (according  to  the  Brazil  law)  which, 
show  these  spirals  of  Airy.  With  cinnabar  similar  phenomena  are  observed. 
Twins  of  this  species  also  not  infrequently  show  Airy's  spirals  in  the  polariscope^ 

C.  Biaxial  Crystals. 
General  Optical  Relations, 

367.  Principal  Refractive  Indices. — All  crystals  of  the  third  or  anisometrio 
class,  that  is,  those  of  the  orthorhombic,  mouoclinic,  and  triclinic  systems,  arfr 
optically  biaxial.  In  the  directions  of  the  optic  axes  there  is  a  single  value- 
only  for  the  light  velocity,  but  in  other  directions  \  a  light-ray  is  separated  into- 
two  rays  propagated  with  different  velocities  ;  that  is,  it  suffers  double 
refraction. 

The  study  of  biaxial  crystals  shows  that  there  are  two  directions  within 
them  at  right  angles  to  each  other,  corresponding  to  which,  as  vibration-axes^ 
the  refractive  indices  have  respectively  a  minimum  {a)  and  a  maximum  value- 
(y)  for  the  given  substance.  Further,  in  a  third  direction  at  right  angles  to- 
each  of  those  just  named,  the  refractive  index  has  a  certain  intermediate  value,, 
related  to  the  others  by  a  simple  mathematical  law.  These  three  rectaugular 
directions,  or  ether-axes,  are  properly  axes  of  vibration,  and  the  three  corre- 
sponding refractive  indices  determine  the  rate  of  this  transverse  vibration  and 
hence  the  velocity  of  the  light-ray  which  corresponds  to  each  of  them.     The 

values  of  the  velocities  are  respectively  proportional  to  -,  -,  -. 

.The  indices  a,  /?,  y  are  called  the  principal  refractive  indices  for  the  given 
substance.     The  mean  refractive  power  is  given  by  their  arithmetical  mean^ 

viz.,  —  -.    Further,  the  difference  between  the  greatest  and  least  index,. 

y  —  a,  measures  the  birefringence  or  strength  of  the  double  refraction. 

368.  Optical  Structure  of  Biaxial  Crystals. — It  is  found  further  that  the 
optical  structure  of  a  biaxial  crystal  can  be  represented  by  an  ellipsoid  having 
as  its  axes  the  three  lines  mentioned  in  thej)receding  article  which  are  at  right 
angles  to  each  other  and  proportional  in  length  to  the  indices  ot,  /?,  y.  This; 
indeed  would  be  inferred  (following  Fresnel)  from  the  analogy  of •  uniaxial 
crystals.     The  position  of  the  axes  named,  or,  in  other  words,  the  symmetry  of 

*  Verv  tliin  sections  of  quartz,  however,  show  {e.g.,  with  the  microscope)  the  dark  crosa 
of  an  ordioarv  uniuxhil  crystal. 

f  On  the  distinction  between  the  primary  and  the  secondary  optic  axes,  see  Art.  STL 
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tliie  ellipBoid,  is  snch  oa  to  correepond  to  the  general  crystallograpbic  aymmetry 
of  the  crystal.  For  example,  to  repeat  the  acatement  iilveady  made  (Art.  348), 
in  the  orthorhomMc  aystem  the  flies  of  thia  ellipsoid  coincide  in  direction  with 
the  crystallograpbic  axes.  In  the  monodinic  aystem,  one  of  them  coincides 
wich  the  axis  of  crys tall ograp hie  symmetry  (5),  the  other  two  lie  in  the  plane 
of  symmetry,  that  is,  in  the  plane  of  the  crystallographic  axes  n  and  6.  In  the 
triclinic  system  there  is  no  necessary  connection  between  the  position  of  the 
t  ether-axea  and  the  crystallographic  axes, 

*        369.  Indioatriz.— It  may  be  shown,  aa  is  done  by  Fletcher,  that  the  ellipsoid 

mentioned,  whose  axes  repre- 
^?^-  °^*-  sent  in  magnitude  the  three 

principal  refractive  indices, 
a,  fi,  y  {where  a  <  (i  <  y), 
not  only  exhibits  the  charac- 
ter of  the  optical  symmetry, 
but  also  serves  to  represent 
the  direction,  velocity  and 
[)lane  of  polarization  of  a 
.ight-ray  in  any  direction 
whatever,  preciBely  analogous 
to  the  spheroid  mentioned  on 
p.  196.  See  Fig.  533  (from 
Groth),  also  Figs.  518,  519. 
That  is,  for  the  two  rays 
having  any  direction,  as  Or 
in  the  plane  of  the  axes  A  A, 
CO  (Fig.  534)>  the  velocities 

will  1 


RX 


I   proportional  to 

and  ry^  [=  -5]  reapectively,  and  the  planes  of  polarization  will  be  perpen- 
dicular to  these  lines.  From  the  equation  of  thia  index-ellipsoid,  called  by 
Fletcher  the  indicatrix  (see  Art.  3S5),  it  is  possible,  as  shown  by  the  uitthor 
named,  to  deduce  by  ordinary  analytical  methods  the  mathematical  expression 
for  the  wave-surface,  the  position  of  the  two  sets  of  optic  axes  (later 
explained),  etc. 

One  important  relation  appears  at  once  from  a  first  study  of  this 
ellipsoid.  Obviously  for  two  definite  positions  of  transverse  planes  passing 
through  the  center  {SS,  S'S',  Fig.  533),  these  positions  depending  upon  the 
relative  vjdues  of  «  and  v,  the  cross-sections  will  be  circles  ^utik  having  a 
radiuB  equal  to  the  index  p,  intermediate  in  value  between  n  and  y;  similarly 
all  sections  parallel  to  these  are  also  circles.  Hence,  light  propagated  in  a 
direction  normal  to  these  planes,  that  is,  by  vibrations  lying  in  them,  will 
suffer  no  double  refraction — and  after  the  analogy  of  uniaxial  crystals  these 
directions  are  called  optic  axes;  they  are  the  primary  optic  axes  mentioned  In 
Art.  371. 

370.  WaTe-Borface. — Following  out  the  analogy  of  uniaxial  crystals. 
Freanel  deduced  the  now  generally  accepted  "  wave-anrface"  for  biaxial 
crystals.  That  it  gives  correctly  the  law  of  tlie  varying  refractive  indices  (that 
la,  of  varying  light- velocity)  in  a  biaxial  crystal  has  been  demonstrated  by 
the  agreement  between  the  requirements  of  the  theory  and  the  results  of 
experiment. 

The  form  of  the  sectiona  of  this  wave-surface  with  the  three  rectangular 
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axial  planes  are  easily  deduced  by  very  elementary  considerations,  though  the 
full  analytical  development  is  most  satisfactorily  derived  from  the  equation  of 
the  indicatrix  as  shown  by  Fletcher. 

First  consider  the  section  of  the  wave-surface  for  the  transverse  plane  of 
the  axes  AB  (Fig.  533).  Light  passing  in  the  direction  of  the  axis  AA  will 
be  separated  into  two  rays;  for  one  of  these  the  line  of  transvei*se  vibration 
will  correspond  to  the  axis  CC,  and  hence  its  rate,  or,  in  other  words,  the 

velocity  of  the  ray  itself,  will  be  proportional  to  -.  For  the  second,  the  direc- 
tion of  transverse  vibration  will  be  that  of  the  axis  BB^  and  its  rate,  that  is^ 
the  velocity  of  the  ray  itself,  will  be  proportional  to  ^.     Let  these  values  be 

represented  in  Fig.  535  by  Oc'  [  =  -j  and  Ob  f  =  -^  j.     Again,  in  the  direction 

of  the  axis  BB^  there  will  be  two  rays  whose 
vibration-directions  are  respectively  parallel  to 
the  axes  A  A  and  (7C,  and  their  velocities  in 

the  direction  of  BB  proportional  to  -  and  — 

respectively.  Let  these  be  represented  by  Oa 
and  Oc.  For  some  other  direction  in  the  same 
plane,  there  will  be  two  rays,  one  of  whose 
vibration-directions  corresponds  to  CC,  and  its 

velocity  to  — ,  represented  in  Fig.  533  by  Oc", 

while  for  the  other  there  will  be  an  intermediate 

vibration-direction  and  a  velocity  between  —  and 

— ,  and  it  can  be  shown  (after  the  analogy  of 

uniaxial  crystals  and  as  proved  by  experiment) 

that  this  value  is  given  by  the  line  Or  in  the  ellipse  whose  major  and  minor 

axes  {Oa  and  Ob)  are  —  and  -.  Hence  the  circle  cc'  represents  the  section  of 
the  wave-surface  for  the  rays  in  the  given  plane,  whose  vibration-direction 
corresponds  to  the  axis  (7(7,  and  the  velocity  to  the  constant  value  -.  While 
for  other  rays  the  vibration-directions  change  from  AA  to  BB,  and  the  velocity 
from  -  to  -3-. 

The  ray  propagated  by  vibrations  in  the  direction  of  ^the  axis  CC,  which 
has  the  constant  velocity  -,  that  is,  the  ray  whose  wave-front  in  this  cross- 
section  is  a  circle,  is  called  the  ordinary  ray,  since  on  refraction  it  remains  in 
the  plane  of  incidence.     The  other  ray,  whose  velocity  varies  with  the  direction 

from  —  to  -5,  is  called  the  extraordinary  ray. 

Again,  take  the  plane  of  the  axes  BC  (Fig.  533).  Whether  the  direction 
of  the  light  be  that  of  B  or  of  C,  or  any  intermediate  line  in  the  same  plane, 
there  will  be  in  each  position  one  ray  whose  vibration-direction  is  that  of  the 
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axis  A,  and  whose  velocity  is  hence  ezpressed  by  ~;  for  it  the  sectiou  of  the 
wave-anrface  will  be  a  circle.  For  the  other  ray,  if  parallel  to  B,  the  vibration- 
direction  will  be  that  of  the  axis  C,  and  its  velocity  is  represented  by  -.  If 
it  is  parallel  to  C,  its  vibration -direction  is  that  of  B,  and  its  velocity  is  given  ljy 
— ^.     As  in  the  other  case,  intermediate  values  will  be  given  by  ibe  ellipse 


laving  ■-„  and  —  for  its  major  and  minor  axes.  The  combined  section  of  the 
wave-snrface  is  shown  in  Fig.  536.  Here  also,  the  ray  with  the  constant  velocity 
~  is  called  the  ordinary  ray;  the  other  is  the  extraordinary  ray. 

For  the  third  plane,  that  of  the  axes 

AC,  one  ray  will  always  have  as  its 
vibration -direction  that  of  the  axis  B, 
and  its  velocity  will  hence  be  expressed 

by  -^.  For  the  other  ray,  if  parallel  to 
A,  the  vibration -direction  is  that  of  C, 
and  the  velocity  is  expressed  by  -.  II 
parallel  to  C,  the  vibration -direction  is 
that  of  A  and  tJie  velocity  — ,  and  simi- 
larly for  intermediate  positions.  The 
section  of  the  wave-surface  oonstincted 
from    these    values    is    given    in    Fig. 

537,   Here  the  circle  (radins  — -r.)  cuts 

the   ellipse   at    the   points    I'P,   1"}". 

)-'  The    complete  wave-surface,    of    which 

the    three   axial    sections    arc    given    in 

Jigs.   535,  536,  and   537,  can  be  constructed,  but  it  is  not  easy  to  fornt  a 
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complete  knowledge  of  the  form  without  having  a  model  in  hand.  Some  idea 
of  it  may  be  gathered  from  Fig.  538. 

371.  Primary  and  Secondary  Optic  Axes. — It  has  already  been  briefly 
stated  (Art.  367)  that  there  are  two  directions,  namely,  those  normal  to  the 
•circular  cross-sections  of  the  indicatrix  {SS,  S'S',  Fig.  533)  in  which  the  light 

is  propagated  by  transverse  vibrations  of  like  rate  ( --].  Hence  in  these  direc- 
tions in  a  crystal  there  is  no  double  refraction  within  the  crystal;  nor  is  there 
when  the  ray  emerges.  These  two  directions  bear  so  close  an  analogy  to  the 
optic  axes  of  a  uniaxial  crystal  that  they  are  also  called  optic  axes,  and  the 
crystals  here  considered  are  hence  named  biaxial.  In  Fig.  537,  these  optic 
axes  have  the  direction  SS,  S'S'  normal  to  the  tangent  planes  tt,  t't'y  and 
the  direction  of  the  external  wave  is  given  by  the  normal  S(t  (Fig.  539). 

Properly  speaking  the  directions  mentioned  are  those  of  the  primary  optic 
axes,  for  there  are  also  two  other  somewhat  analogous  directions,  FP, 
P'P'y  of  Fi^.  537,  called  for  sake  of  distinction  the  secondary  optic  axes. 
The  properties  of  the  latter  directions  are 
obvious  from  the  following  considerations. 

In  the  section  of  the  wave-surface  shown 
in  Fig.  537  (also  enlarged,  in  Fig.  539), 
corresponding  to  the  axial  plane  AC,  it  is 

«een  that  the  circle  with  radius  06  f  ■=  -^) 

intersects  the  ellipse  whose  major  and  minor 

axes  are  Oa  f  =  -j  and  Oct  f  =  -j  in  the  four 

points  PyPy  P\P'.  Corresponding  to  these 
oirections  the  velocity  of  propagation  is  obvi- 
ously the  same  for  both  rays.  Hence  within 
the  crystal  these  rays  travel  together  without 
double  refraction.  Since,  however,  there  is 
no  common  wave-front  for  these  two  rays 
(for  the  tangent  for  one  ray  is  represented  by 
mm  and  for  the  other  by  niij  Fig.  539)  they 
-do  suffer  double  refraction  on  emerging;  in  fact,  two  external  light- waves  are 
formed  whose  directions  are  given  by  the  normals  Ppi  and  Pv,  These 
directions,  PP,  P'P\  therefore  have  a  relatively  minor  interest,  and  whenever, 
in  the  pages  following,  optic  axes  are  spoken  of,  they  are  always  the  primary 
optic  axes,  that  is,  those  having  the  directions  SS,  S'S'  (Fig.  537),  or  OS, 
Fig.  539.*  In  practice,  however,  as  remarked  in  the  next  article,  the  angular 
variation  between  the  two  sets  of  axes  is  usually  very  small,  perhaps  1° 
or  less. 

372.  Interior  and  Exterior  Conical  Refraction. — The  tangent  plane  to  the  wave-surface 
drawn  normal  to  the  line  0/S  through  the  point  AS(F1g.  539)  may  be  shown  to  meet  it  in  a 
small  circle  on  whose  circumference  lie  the  points  8  and  T.  This  circle  is  the  base  of  the 
interior  cone  of  rays  S01\  whose  remarkable  properties  will  be  briefly  hinted  at.  If  a 
section  of  a  biaxial  crystal  be  cut  witli  its  faces  normal  to  08,  those  parallel  rays  belonging 
to  a  cylinder  having  this  circle  as  its  base,  incident  upon  it  from  without,  will  be  propagated 
within  as  the  cone  S02\  Conversely,  rays  from  within  corresponding  in  position  to  the 
surface  of  this  cone  will  emerge  parallel  and  form  a  circular  cylinder.  This  phenomenon 
is  called  interior  conical  refraction. 

*  Fletcher  calls  the  primary  axes  hinarmaU,  the  secondary  axes  biradiali. 
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On  the  other  hand,  if  a  section  be  cut  with  its  faces  normal  to  OP,  those  rays  having- 
thc  direction  r)f  the  surface  of  a  cone  formed  by  perpendiculars  to  mm  and  nn  will  be 
propagated  within  parallel  to  OP,  and  emerging  on  the  other  surface  form  without  a  similar 
cone  oi:  the  other  side.     This  phenomenon  is  called  exterior  conical  refrncium. 

In  the  various  figures  given  (585-589)  the  relations  are  much  exagirerated  for  the  sake 
of  clearness;  in  practice  the  relatively  small  difference  between  the  indices  of  refraction 
a  and  y  makes  this  cone  of  small  angular  size,  raiely  over  2".  For  example,  with  sulphur^ 
which  has  very  strong  double  refraction  (^^  —  a  =  0*29  ;  compare  the  values  given  in  Art. 
859  and  Art.  882),  the  values  of  a,  fi,  y  for  yellow  sodium  light  were  measured  by 
Schrauf  as  follows : 

a  =  1-95047.  fi  =  208832,  y  =  2'24052. 

373.  Axes  of  Elasticity. — As  intimated  in  Art.  368^  Fresnel  appears  to  have 
deduced  the  wave-surface  of  biaxial  crystals,  as  it  is  here  called  f  olio  win  c^ 
him,  by  a  generalization  from  that  accepted  for  the  more  simple  uniaxial 
crystals.  The  explanation  of  the  observed  phenomena,  attempted  by  him,  waa 
based  upon  the  assumption  that  the  varying  velocity  of  light  shown  by  the 
varying  values  of  the  refractive  indices  depended  upon  the  variable  elasticitxf 
of  the  ether  within  the  crystal.  Since,  as  stated  on  p.  160,  it  seems  better  not 
to  insist  upon  this  hypothesis  and  since,  further,  it  is  possible  to  describe  all 
the  phenomena  without  attempting  to  explain  the  properties  of  the  ether 
upon  which  the  ultimate  values  of  the  pulses  depend  which  manifest  them- 
selves as  light-waves,  all  mention  of  elasticity  has  been  thus  far  avoided^ 

These  "axes  of  elasticitv "  are  of  great  con- 
^^'  venience  in  describing  the  optical  properties 

of  crystals,  and  it  is  hence  necessary  to  make 
frequent  use  of  them.  They  are  uniformly 
represented  by  the  letters  a,  b,  c,  where 
a  >  b  >  c  as  shown  in  Fig.  540,  and  where 

further  it  is  true  that  a  :  b  :  c  =  -  :  -rr  :  -^ 

a     t^       y 

or,  fiy  y  being  the  three  principal  refractive 
indices  (a  <  ft  <,  y).  The  three  axes  as  given 
in  Fig.  540  then  have  the  direction  of  the 
three  ellipsoidal  axes  (Fig.  533) ;  the  maximum 
value  of  the  elasticity,  a,  corresponds  to  the 
minimum  value  of  the  observed  refractive  index  cv,  and  this  in  turn  cor- 
responds to  the  maximum  velocity  of  a  ray  propagated  perpendicular  to  the 
plane  of  the  axes  a  and  b  by  vibrations  having  a  direction  parallel  to  this 
axis  a;  similarly  for  the  axes  b  and  c. 

Whenever  in  this  work  the  axes  a,  b,  c,  which  may  be  simply  called  the 
ether-axes,  are  spoken  of  in  describing  the  optical  characters  of  crystals,  it 
is  to  be  understood  that  they  have  the  directions  indicated,  corresponding 
respectively,  as  just  explained,  to  the  ellipsoidal  axes;  moreover,  their  relative 
magnitude  is  expressed  as  follows:  a  >  b  >  c. 

374.  Bisectrices,  or  Mean-lines. — As  shown  in  Art.  371,  the  optic  axes 
always  lie  in  the  plane  of  the  axes  a,  y  of  the  indicatrix  (that  is,  of  the  ether- 
axes  a  and  c);  this  is  called  the  optic  axial  plane  (or  briefly,  ax.  pL).  The 
value  of  the  optic  axial  angle  is  known  when  the  values  of  the  refractive 
indices,  a,  /3,  y,  are  given,  as  stated  in  the  next  article.  That  axis  (cf.  Fig. 
539,  also  Figs.  541,  542)  which  bisects  the  acute  angle  of  the  optic  axes  is 
called  the  acute  bisectrix,  or  first  mean-line,  and  that  bisecting  the  obtuse 
angle  is  the  obtuse  bisectrix,  or  second  mean-line. 

The  acute  bisectrix  is  often  represented  by  Bx^t  the  obtuse  bisectrix  by  Bx^^ 
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If  the  word  bisectrix  is  used  alone  without  special  qualification  it  is  always  to 
be  understood  as  referring  to  the  acute  bisectrix. 

375.  Relation  of  the  Axial  Angle  to  the  Refractive  Indices. — If  in  a  given 
case  the  values  of  or,  /i,  and  y  are  Icnown^  the  value  of  the  interior  optic  axial 
angle  (2F)  can  be  calculated  from  them  by  the  following  formulas: 


C08T=-^ 


1^ 


a' 


or   tan'  V  = 


a' 


J^ 
^ 


376.  Positive  and  Negative  Crystals. — Biaxial  crystals  are  distinguished  as 
optically  positive  (+)  or  negative  (  — )  after  a  manner  analogous  to  the  usage 
with  uniaxial  crystals.  Referring  to  Fig.  533  of  the  ellipsoid,  and  also  to  Fig. 
539,  it  will  be  obvious  at  once  that  for  certain  relative  values  of  the  indices, 
a,  fi,  y,  the  interior  optic  axial  angle  must  be  90°.     In  other  words,  in  thia 


642. 


Positive  Crystal,  Bxa  =  c. 


Negative  Crystal,  Bxa  =  a. 


case  the  planes  of  the  optic  axes  will  be  equally  inclined  to  the  two  planes  of 
the  ether-axes.  Such  a  case,  however,  is  rare  in  practice,  and  when  it  occurs 
it  is  true  for  light  of  a  certain  color  ♦  (wave-length)  only,  and  not  for  others. 


♦For  danburite  aF=  89**  14'  for  greea  (thallium)  and  90^  14'  for  blue  (CuSO*). 
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Ronghly  expressed^*  the  optic  axes  will  lie  nearer  to  c  than  to  a — that  is, 
c  will  be  the  bisectrix — when  the  value  of  the  intermediate  index,  /6f,  is  nearer 
that  of  a  than  to  that  of  y.  Such  a  crystal,  for  which  Bx^  =  c,  is  called  optically 
positive.  It  is  obvious  (cf.  Fig.  541)  that  in  this  case,  as  the  angle  diminishes 
and  becomes  nearly  equal  to  zero,  the  form  of  the  ellipsoid  then  approaches 
that  of  the  prolate  spheroid  of  the  positive  uniaxial  crystal  as  its  limit  (Fig. 
521,  p.  195) ;  this  shows  the  appropriateness  of  the  +  sign  here  used. 

On  the  other  hand,  the  optic  axes  will  lie  nearer  to  a  than  to  c — that  is,  a  will 
be  the  bisectrix — if  the  value  of  the  mean  index  ft  is  nearerf  to  that  of  y  than 
to  that  of  a.  Such  a  crystal,  for  which  BXa  =  ci,  is  called  optically  negative. 
It  is  seen  that  in  this  case  (Fig.  542)  the  smaller  the  angle  the  more  the 
ellipsoid  approaches  the  oblate  spheroid  of  the  negative  uniaxial  crystal 
{Fig.  520,  p.  195). 

The  following  are  a  few  examples  of  positive  and  negative  biaxial 
crystals : 

Positive  (+).  Negative  (-). 

Sulphur.  Aragonite. 

Enstatite.  Hypersthene. 

Topaz.  Muscovite. 

Barite.  Orthoclase. 

Chrysolite.  Epidote. 

Albite.  Axinite. 

377.  Dispersion  of  the  Bisectrices. — In  certain  cases  the  ether-axes  of  Fig. 
533  may  have  different  positions  in  the  crystal  for  different  colors;  that  is,  for 
different  wave-lengths.  This  is  true  of  the  two  axes  which  lie  in  the  plane  of 
symmetry  of  a  monoclinic  crystal,  and  of  all  the  three  axes  in  a  triclinic 
crystal.  This  results  in  a  phenomenon  which  is  often  called  the  dispersion  of 
the  bisectrieeSy  and  which,  if  pronounced,  is  always  manifest  in  the  axial 
interference-figures,  as  explained  beyond. 

378.  Dispersion  of  the  Optic  Axes.— Further,  since  the  three  refractive 
indices  may  have  different  values  for  the  different  colors,  and  as  the  angle  of 
the  optic  axes  is  determined  by  these  three  values  (Art.  375),  the  axial  angle 
may  also  vary  in  a  corresponding  manner. 

This  variation  in  the  value  of  the  axial  angle  for  light  of  different  wave- 
lengths is  called  the  dispersion  of  the  optic  axes,  and  the  two  extreme  cases 
are  distinguished  by  writing  f>>  v  when  the  angle  for  the  red  rays  (p)  is 
greater  than  for  the  blue  (violet,  v),  and  p  <  v  when  the  reverse  is  true. 
These  cases  are  illustrated  later. 

Examination  of  Biaxial  Crystals  in  Polarized  Light, 

379.  Sections  in  Parallel  Polarized  Light.  Extinction-angle. — A  section  of 
a  biaxial  crystal  appears  dark  between  crossed  nicols  when  its  vibration -planes 
coincide  with  the  vibration-planes  of  the  nicols.     In  any  other  position  of  the 

*  tan  V  =  45**  and  2  F  =  90  for  a  value  of  fi  giveo  by  the  equation 

J^  __  _1_  __  j 1 

\  To  compare  Figs.  542  and  520,  the  horizontal  axis  of  the  former  should  be  placed  in  a 
Tcrtical  position;  that  is,  the  axis  A  A  of  Fig.  520  corresponds  to  c  of  Fig.  542. 
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section  i^*  appears  light  and  may  show  the  usual  bright  interference-color. 

Hence  the  use  of  the  polariscope,  or  polariza- 
tion-microscope, by  the  method  of  extinction, 
gives  a  quick  means  of  determining  the  position 
of  these  vibration-planes  in  a  given  case. 

For  example,  in  Fig.  543,  repeated  from 
p.  177,  let  the  two  larger  rectangular  arrows 
represent  the  vibration-directions  for  the  two 
nicols,  and  between  the  two  prisms  suppose  a 
section  of  a  biaxial  crystal,  abed,  to  be  placed 
so  that  one  edge  of  a  known  crystallographic 
plane  coincides  with  the  direction  of  one  of 
these  lines.  The  field  of  the  microscope, 
dark  before,  since  the  prisms  were  crossed,  is 
no  longer  so,  and  becomes  dark  again,  as 
explained,  only  when  the  crystal  is  revolved  so  that  its  vibration-directions 
(the  smaller  dotted  arrows)  coincide  with  those  of  the  nicols,  as  is  indicated 
hy  the  maximum  extinction  of  the  light.  The  crystal  has  then  the  position 
ivVc'iV.  The  angle  (indicated  in  tlie  figure)  which  it  has  been  necessary  to 
revolve  the  plate  to  obtain  the  effect  described,  is  the  angle  which  one  of 
the  vibration-directions  in  the  given  plate  makes  with  the  given  crystallo- 
graphic edge  ad\  it  is  often  called  the  extinction-angle. 

When  the  vibration -planes  of  a  crystal-section  coincide  in  direction  with 
the  planes  of  its  crystallographic  axes,  the  extinction  is  said  to  be  parallel ;  if 
not,  it  is  called  oblique  or  inclined.  On  the  practical  determination  of  the 
extinction-directions  see  Arts.  380  and  389. 

380.  Determination  of  the  Extinction-directions  with  the  Microscope.— In 
the  use  of  the  microscope,  in  cases  to  which  the  method  of  the  stauroscope  is 
not  applicable,  instead  of  depending  upon  the  somewliat  uncertain  estimate  of 
the  point  of  maximum  light-extinction,  a  convenient  way  is  to  employ  a  plate 
of  quartz,  which  for  a  certain  position  of  the  analyzer  gives  the  field  a  tint  of 
color  (a  purplish  pink),  to  slight  changes  in  which  the  eye  is  very  sensitive. 
When  the  section  is  revolved  on  the  stage  till  it  has  precisely  the  same  tint  as 
the  surrounding  field,  its  vibration-planes  are  those  of  the  cross-hairs  in  the 
eyepiece  (supposing  the  lower  nicol  has  the  normal  position),  and  from  the 
graduation  of  the  stage  their  position  in  the  section  can  be  at  once  determined. 

Instead  of  the  quartz,  a  plate  of  selenite  (Art.  364)  of  such  a  thickness  as 
to  give  the  red  of  the  first  order  is  often  employed,  the  nicols  being  crossed. 
When  tkis  plate  is  inserted  as  usual,  the  crystal-section  can  have  the  same 
color  only  on  condition  that  its  vibration-directions  coincide  with  those  of  the 
nicols;  hence  their  crystallographic  orientation  in  the  section  is  readily  deter- 
mined and  with  considerable  accuracy. 

A  still  more  delicate  method  involves  the  use  of  the  Bertrand  ocular.  This  has  four 
sectors  of  quartz  cut  ±  h  ;  two  of  these,  diagonally  opposite,  are  from  a  right-handed,  the 
other  pair  from  a  left-handed  crystal.  When  the  diameters  in  which  the  sectors  meet  coin- 
cide with  the  vibration-directions  of  the  two  crossed  nicols,  the  two  pairs  of  quadrants  liave 
precisely  the  same  color ;  any  change  of  position,  however,  of  the  upper  nicol  causes  them 
to  assume  tints  complementary  to  each  other. 

Assuming  now  the  nicols  to  be  crossed  and  in  the  normal  position,  if  a  section  of  a  doubly 
refracting  nTineral  be  introduced  on  the  stage  of  the  microscope,  the  quadrants  in  general 
take  unlike  tints  and  are  brought  to  the  same  color  as  before  only  when  by  the  revolution 
of  the  stage  the  vibration-directions  of  the  section  are  made  to  correspond  precisely  to  those 
of  the  crossed  nicols,  that  is.  of  the  diameters  of  the  ocular.  The  adjustment  can  be  made 
iu  this  case  with  great  accuracy. 

381.  Relation  of  the  Vibration-directions  to  the  Ether-axes. — In  the  most 
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general  case,  for  any  section  whatever,  the  relation  between  the  vibration- 
planes  and  the  ether^axes  is  highly  complex.*  A  common  special  case  is 
where  the  section  is  parallel  to  one  of  tne  ether-axes;  this  tnen  fixes  one 
vibration-plane,  and  the  other  will  obviously  be  at  right  angles  to  it.  A  still 
more  special  case  is  that  of  a  section  parallel  to  the  plane  of  two  of  the  ether- 
axes;  these  axes  then  at  once  fix  the  directions  of  light- vibration  and  conversely; 
or,  in  other  words,  these  directions  being  determined  by  observation,  the  posi- 
tion of  the  axes  in  the  crystal  section  is  known  from  them. 

The  practical  application  of  the  above  relations  depends  upon  the  crystallo- 
graphic  orientation  of  the  ether-axes,  and  is  spoken  of  later  under  the  different 
systems. 

382.  Color  of  a  Section  in  Parallel  Polarized  Light.— The  interference-color 
of  the  section  under  examination  depends,  as  before  explained,  upon  its  thick- 
ness and  upon  the  birefringence;  the  latter  varies  with  the  orientation  of  jthe 
section,  but  is  a  maximum  (equal  to  y  —  a)  if  the  section  is  cut  parallel  to  "the 
axes  a  and  c,  that  is,  parallel  to  the  plane  of  the  optic  axes.  In  any  case  for  a 
given  thickness  the  interference-color  will  depend  upon  the  difference  between 
the  refractive  powers  of  the  two  vibration-directions.  For  sake  of  illustration, 
the  following  table  is  added  (from  Rosenbusch)  giving  the  thickness  of  section 
for  a  few  biaxial  crystals  which  yield  red  of  the  first  order,  with  also  their 
maximum  birefringence  {y  —  a). 

BirefriDgence  Thickness  in 

ly  —  ex).  millimeters. 

Brookite 0-158  0*00349 

Muscovite 0*042  0-01312 

Epidote 0-037  0-01490 

Augite 0-022  0-02505 

Gypsum 0*010  0*05510 

Orthoclase 0*008  0*0G887 

Zoisite 0-OOG  0*09183 

Further,  it  mny  be  noted  tlmt  with  a  section  of  epidote  16  (010),  while  a  thickness  of 
about  0-015  mm.  gives  re'l  of  the  first  order,  one  of  0028  gives  red  of  the  second  order, 
and  of  0042  red  of  the  third  order, 

383.  Determination  of  the  Birefringence  with  the  Microscope.— The  value 
of  the  maximum  birefringence  (y  —  a)  is  obviously  given  at  once  when  the 
refractive  indices  are  known.  It  can  be  approximately  estimated  for  a  section 
of  proper  orientation  and  of  measured  thickness  by  the  comparison  of  the 
interference-color  with  the  table  referred  to  in  Art.  320,  p.  178.  This  is  on 
the  assumption  that  the  thickness  is  such  as  to  yield  a  tint  of  readily  recog- 
nized position  in  the  interference-scale.  To  which  order  a  given  interference- 
color  belongs  can  be  readily  determined  by  the  compensation  method  involving 
the  use  of  the  quartz-wedge  or  the  mica-wedge  of  Fedorow  (Art.  384). 


♦  The  variation  in  directions  of  extinction  with  change  of  the  orientation  of  the  section 
under  examination  is  chiefly  interesting  in  the  microscopic  study  of  rock-sections.  It  is 
minutely  discusseii  in  the  Mineraux  des  Roches  of  M.  Levy  and  Lacroix.  The  snme  sub- 
ject has  nlso  been  exhaustively  treated  in  the  case  of  the  plagioclase  feldspars  bv  M.  Levy 
In  a  work  in  two  parts  entitled  "  fitude  sur  la  determination  des  Feldspaths  dans  les  plaques 
minces"  (Paris,  1894.  1896).  Cf.  also  Fedorow,  ^s.  Kryst.,  '22," 248,  1893  ;  27,  887,  1896; 
29,  604.  1898;  also  Viola,  Min.  petr.  Milth..  16,  481.  1895. 
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More  accuFate  measurements  of  the  birefringence  can  be  made  by  other 
methods,  as  with  the  quartz-comparator  of  M.  Levy.* 

384.  Determination  of  the  Relative  Refractive  Power. — The  relative  refrac- 
tive power  of  the  two  vibration-directions  in  a  thin  section  is  readily  deter- 
mined with  the  microscope  (in  parallel  polarized  light)  by  the  method  of  com- 
pensation. This  is  applicable  to  any  section,  whatever  its  orientation  and 
whether  uniaxial  or  biaxial.  Practically,  however,  it  is  chiefly  employed  when 
the  section  is  parallel  to  the  plane  of  two  of  the  ether-axes;  it  then  serves  to. 
determine  the  relative  magnitude  of  these  axes.  If  the  position  of  either  bisec- 
trix in  the  section  is  known,  it  also  serves  to  determine  whether  the  crystal  is 
optically  positive  or  negative.  In  practice  a  mica-plate  or  selenite-plate  may  be 
used  with  very  thin  sections;  or  with  thicker  ones  a  quartz-wedge  or  the  excellent 
mica-wedge  of  Fedorow.f  The  section  under  examination  must  be  placed  so 
that  its  vibration-directions  make  an  angle  of  45°  with  those  of  the  crossed 
nicols;  the  ^-undulation  mica  or  selenite-plate  is  then  inserted.  The  change 
in  the  interference-colors  is  noted,  and  again  after  the  stage  has  been  revolved 
90".  In  the  case  where  the  effect  of  the  compensating  plate  is  to  raise  the 
interference-color  in  the  scale  the  retardation  of  the  section  is  added  to  that  of 
the  plate;  for  this  position  the  plate  and  section  are  then  alike  in  optical 
character.  In  the  case  of  a  fall  of  color  the  plate  diminishes  the  retardation  due 
lo  the  section ;  obviously  for  this  position  they  are  opposed  in  optical  character. 

For  thicker  sections  placed  in  position  as  before  with  vibration-directions  in- 
clined 45°  to  those  of  the  crossed  nicols,  the  quartz-wedge  or  mica-wedge  is 
employed.  This  is  advanced  across  the  field  until  a  thickness  is  reached  wJiich 
serves  to  make  the  given  section,  previously  colored,  dark,  that  is,  to  bring  it 
sensibly  to  extinction.  The  optical  character  of  the  plate  and  section  are 
now  opposed,  and  in  fact  just  balanced  against  each  other.  By  observing  the 
position  of  the  section  the  relative  value  of  the  refractive  power  is  given. 

A  crystal-section  is  said  to  have  positive  elongation  if  its  direction  of  ex- 
tension approximately  coincides  with  the  ether-axis  c ;  if  with  a  the  elongation 
is  negative.  The  same  terms  are  also  used  in  general,  according  to  the  relative 
refractive  power  of  the  two  directions. 

385.  Determination  of  the  Refractive  Indices. — The  values  of  the  three 
refractive  indices,  a,  p,  y,  for  biaxial  crystals,  may  be  determined  from  three 
prisms  cut  with  their  refracting  edges  parallel  respectively  to  the  three  axes, 
<l,  b,  and  c,  corresponding  to  the  indices  or,  /?,  y,  respectively.     See  Art.  304. 

It  is  possible,  however,  to  obtain  the  values  of  a,  ft,  and  y  by  the  use  of 
two  prisms;  in  this  case  one  of  the  prisms  must  be  so  made  tliat  its  vertical 
edge  is  parallel  to  one  axis,  while  the  line  bisecting  its  refracting  angle  at  this 
edge  is  parallel  to  a  second.  In  the  case  of  such  a  prism  the  angle  of  minimum 
deviation  is  obtained  for  both  rays,  that'  having  its  vibrations  parallel  to  the 

f)rism-edge,  and  that  vibrating  at  right  angles  to  this,  that  is,  parallel  to  the 
ine  bisecting  the  prismatic  angle. 

Of  the  three  indices  the  mean  index,  ft,  is  one  which  it  is  most  important 
to  determine,  since  by  means  of  it,  in  accordance  with  the  formulas  in  Art. 
889,  the  true  value  of  the  axial  angle  can  be  calculated  from  its  apparent  value 

♦  See  M.  Levy.  Bull.  Soc.  Min..  6.  143,  1883 ;  also  Levy-Lacroix,  Min.  Roches,  p.  54 
^iseq.;  Rosenbusch,  Mikr.  Pbys.,  p.  l^etseg. 

t  This  consists  of  strips  of  Jundulation  mica,  overlapping  step-like  and  all  placed  with 
their  axial  planes  (»>.,  the  axis  c)  in  a  common  line  coinciding  with  the  direction  of  elonga- 
tion. Inserted  between  crossed  nicols,  the  axis  c  making  an  angle  of  45*  with  their 
vibTation-plaues.  it  gives  a  series  of  areas  of  interference-colors  whose  position  in  the  scale 
is  at  once  obvious  (Art.  320).    See  Fedorow,  Zs.  Eryst.,  26,  849,  1895. 
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in  air.  The  prism  to  give  the  value  of  p  should  obviously  have  its  refracting 
edge  parallel  to  the  axis  b^  that  is^  at  right  angles  to  the  plane  of  the  optio 
axes. 

The  other  methods*  alluded  to  on  pp.  180,  181  may  also  be  applied  here. 
For  the  method  by  total  reflection  tlie  sections  should  be  cut  normal  to  the 
acute  bisectrix.  This  will  give  by  actual  observation  the  values  of  a  and  y^ 
and  if  2J^,  the  apparent  axial  angle  in  air,  is  known,  then  y^,  the  mean  index^ 
can  be  calculated. 

386.  Interference-figure  for  a  Section  Normal  to  an  Optic  Axis. — A  section 
cut  perpendicular  to  either  optic  axis  will  show,  in  converging  polarized  lights 
a  system  of  concentric  rings  analogous  to  the  concentric  circles  of  uniaxial 
crystals.  Fig.  526,  but  more  or  less  elliptical  in  shape.  There  is,  moreover,  no 
black  cross,  but  a  single  black  line,  which  revolves  as  the  section  is  turned 
around  on  the  stage.f 

387.  Interference-figares  for  Sections  Normal  to  a  Bi8ectrix.~If  a  section  of 
a  biaxial  crystal,  cut  perpendicularly  to  the  acute  bisectrix,  is  viewed  in  the 
conoscope  (p.  181),  two  types  of  characteristic  interference-figures  are  observed, 
according  to  the  position  of  the  optic  axial  plane  relative  to  the  vibration-planes 
of  the  crossed  nicols. 

First,  suppose  that  the  plane  of  the  axes  coincides  with  the  vibration-plane 
of  one  of  the  crossed  nicols;  an  unsymmetrical  black  cross  is  then  observed^ 
and  also  a  series  of  elliptical  curves,  surrounding  the  two  centers  and,  finally 
uniting,  forming  a  series  of  lemniscates.  If  monochromatic  light  is  employed, 
the  rings  are  alternately  light  and  dark;  in  white  light  each  ring  shows  the 
successive  colors  of  tlie  spectrum.  If  one  of  the  nicol  prisms  be  revolved,  the 
dark  hyperbolic  brushes  gradually  become  white,  and  the  colors  of  the  rings 
take  the  complementary  tints  after  a  revolution  of  90°. 

The  smaller  the  axial  angle  the  nearer  together  are  the  oval  centers  and 
the  more  the  interference-figure  resembles  the  simple  cross  of  a  uniaxial 
crystal.  On  the  other  hand,  when  the  axial  angle  is  large  the  hyperbolas  are 
far  apart,  and  may  even  be  so  far  apart  as  to  be  invisible  in  the  field  of  the 
polariscope.  When  this  is  not  the  case  a  micrometer  scale  in  the  polariscope. 
Fig.  514,  p.  182,  allows  of  an  approximate  measurement  of  the  axial  angle, 
the  value  of  each  division  of  the  scale  being  known. 

A^ain,  suppose  that  the  plane  of  the  axes  makes  an  angle  of  45"  with  the 
vibration-planes  of  the  crossed  nicols;  two  black  hyperbolas  are  then  noted, 
marking  the  position  of  the  axes;  further,  there  is  a  system  of  curves  similar 
to  those  described  before. 

Both  of  these  figures  are  well  exhibited  on  the  plate  forming  the  frontis- 
piece (Figs.  3rt  and  3ft).  The  one  gradually  changes  into  the  other  as  the  crys- 
tal-section  is  revolved  in  the  horizontal  plane,  the  nicols  remaining  stationary. 

A  section  of  a  biaxial  crystal  cut  perpendicular  to  the  obtuse  bisectrix 
exhibits  the  same  figures  under  the  same  conditions  in  polarized  light,  when 
the  angle  is  not  too  large.  This  is,  however,  generally  the  case,  and  in  conse- 
quence the  axes  suffer  total  reflection  (Art.  803)  on  the  inner  surface  of  the 
section  and  no  axial  figures  are  visible.  This  is  sometimes  the  case  also  with 
a  section  cut  normal  to  the  acute  bisectrix,  when  the  angle  is  large.    (See,  also. 


*  Becke  has  piven  a  simple  method  for  determining  approximately  the  relative  refractive 
power  of  two  adjacent  minerals  {e.g.,  quartz  and  a  certain  kind  of  plagioclase)  in  thin  sections. 
Ber.  Ak.  Wien,  102  (1),  July.  1898.     See  also  Viola.  MIn.  petr.  Milth.,  16,  150.  1896. 

f  On  the  special  phenomena  of  sections  of  biaxial  crystals  cut  normal  to  an  o])tic  axis, 
in  parallel  and  converging  polarized  light,  see  Kalkowsky,  Zs.  Kryst.,  9,  486,  1884. 
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Art.  889.)  The  peculiarities  in  the  interfereDce-figurea  dne  to  the  dispersion 
of  the  optic  axes  aud  that  due  to  the  disperBiou  of  the  bisectrices,  or  both 
together,  are  alluded  to  later. 

388.  T)ie  ezplauation   of  the   biaxial    interference-figures — most  simply 

understood  for  the  first  case  mentioned — is  analogous  to  that  for  the  analogous 
phenomenon  of  the  uniaxial  crystals  (Art.  360).  The  arms  of  the  bluck  cross 
mark  the  directions  in  which  the  light-rays,  which  are  Bensibly  normal  to  the 
section,  are  extinguished,  since  the  vibration -planes  of  the  nicols  coincide  with 
those  of  the  section.  The  dark  ellipses  and  lemniscate  curves  seen  in  mono- 
chromatic light  are  due  to  the  interference  of  the  two  rays  produced  bj  the 
double  refraction  of  the  section  and  referred  back  to  a  common  vibration-plane 
by  the  polarizer.  This  interference  takes  place  when  the  retardation  of  one 
ray  relatively  to  the  other  is  equal  to  half  a  wave-length,  i^A,  or  to  |A,  {A,  etc. 
The  intermediate  light-spaces  correspond  to  a  similar  retardation  of  a  whole 
wave-length.  A,  or  2A,  3A,  etc.  When  ordinary  light  is  employed  there  is 
complete  extinction  only  in  the  direction  of  the  vibration-planes  of  the  nicols, 
and  the  curves  become  colored  rings  showing  the  prismatic  colors.  The 
nnmber  of  colored  rings  noted  in  the  field  of  view  iucreases,  and  their  distanco 
from  the  axial  centers  and  from  each  other  grows  less  as  the  thickness  of  the 

flate  is  increased,  and  also  as  the  strength  of  the  double  refraction  is  greater. 
f  the  plate  is  very  thick,  only  the  black  cross  may  be  distinctly  visible. 

389.  Heasurement  of  the  Axial  Angle. — The  determination  of  the  angle 
made  by  the  optic  axes  is  ordinarily  accomplished  by  use  of  the  instrument 
shown  in  Fig.  544.  The  section  of  the  crystal,  cut  at  right  angles  to  tha 
bisectrix,  is  held  in  the  pincers  at  j),  with  the  plane  of  the  Axes  horizontal,  and 


making  an  angle  of  45°  with  the  vibration-plane  of  the  nicols.  There  is  a 
crose-wire  in  the  focus  of  the  eyepiece,  and  as  the  pincers  holding  the  section 
are  turned  by  the  screw  at  the  top  (here  omitted)  one  of  the  axes,  that  is,  one 
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646. 


black  hyperbola,  is  brought  in  coincidence  with  the  vertical  cross-wire,  and 

then,  by  a  further  revolution,  the  second. 
The  angle  which  the  section  has  been  turned 
from  one  axis  to  the  second,  as  read  off  at 
the  vernier  on  the  graduated  circle  above,  is 
the  apparent  angle  for  the  axes  of  the  given 
crystal  as  seen  in  the  air  {aca  =  2^5^,  Fig. 
545).  It  is  only  the  apparent  angle,  for,  on 
passing  from  the  section  of  the  crystal  to 
•*•  the  air,  the  true  axial  angle  is  more  or  less 
increased,  according  to  the  refractive  power 
of  the  given  crystal.  The  relation  between 
the  real  interior  angle  and  the  measured 
angle  is  given  below. 

If  the  axial  angle  is  so  large  that  the 
axes  suffer  total  reflection,  oil  *  or  some  other 
liquid  with  higher  refractive  power  is  made  use  of,  into  which  the  axes  pass 
when  no  longer  visible  in  the  air.  In  the  instrument  described  a  small  recep- 
tacle holding  the  oil  is  brought  between  the  tubes,  as  seen  in  the  figure,  and  the 
Eincers  holding  the  section  are  immersed  in  this  and  the  angle  measured  as 
efore. 
In  the  majority  of  cases  it  is  only  the  acute  axial  angle  that  it  is  practicable 
to  measure;  but  sometimes,  especially  when  oil  (or  other  liquid)  is  made  use 
of,  the  obtuse  angle  can  also  be  determined  from  a  second  section  normal  to 
the  obtuse  bisectrix. 

\i  E  =  the  apparent  semi-acute  axial  angle  in  air  (Fig.  545), 
^„=    «  "  "  "        "      in  oil. 

Ha  =    "         "         semi-obtuse  angle  in  oil, 
V^  =  tlie  real  (or  interior)  semi-acute  angle, 
Y^  __    u      u      u        ((        semi-obtuse  angle, 
u  =  refractive  index  for  the  oil  or  other  medium, 
ft  =  the  mean  refractive  index  for  the  given  crystallized  substance, 
the  following  simple  relations  connect  the  various  quantities  mentioned: 

fl  '}L 

sin  F  =  n  sin  //„;     sin  V^  =  -^  sin  //„;     sin  V^  =  -^  sin  Ho. 

These  formulas  give  the  true  interior  angle  (2F)  from  tlie  measured 
apparent  angle  in  air  (2E)  or  in  oil  (2//)  when  the  mean  refractive  index  (ft) 
is  Known. 

Instead  of  the  oil,  carbon  disulphide  with  a  refractive  index  of  1*6442  for 
X(t(Uy)  may  be  employed;  or  the  solution  of  mercuric  iodide  in  potassium 
iodide,  whose  refractive  index  (iVa)  is  1*7176.  The  axial  angle  measured  in  the 
latter  is  usually  represented  by  2K.  Methyl  iodide  may  also  be  used,  since  its 
refractive  index  is  also  high;  for  it  riy  =  1'7466.  The  axial  angle  in  this  case 
is  called  2Jf. 

Another  modified  form  of  axial  instrument  (the  Adams-Schneider)  incloses  the  section 
In  u  sphere  of  glass  which  can  be  turned  nt  the  proper  angle  ;  for  this  the  axial  Jiugle  is  2G, 
The  advantages  of  this  instrument  consist  in  the  fact  that  the  field  of  view  is  very  large,  and 
«|  the  same  time  it  allows  of  placing  the  section  in  any  desired  position  relatively  to  the 


vhich  has   been  decolorized  by  exposure  to  the    light  is   commonly 
>e  index  is  about  1*46. 
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axis.  Moreover,  tbe  angle  menaured  is  tbe  apparent  angle  for  tbe  gloss  of  which  the  lenses' 
are  made,  so  that  the  axes  are  visible  in  cases  where  this  would  not  be  the  case,  because  of 
total  rejection,  either  iu  air  or  in  oil. 

390.  Axial  Angle  Meaiored  with  the  Microscope. — The  microscope,  with  eyepiece  removed 
and  condensing  lens  (or  lenses)  added  above  the  lower  nicol,  often  serves  to  show  (with  suit- 
able high-power  objective)  the  axial  interference-figures  in  very  thin  sections  with  only  the 
limitatious  belonging  to  the  instrument  (see  p.  199).  Bertrand  *  has  shown  that  by  the 
addition  of  a  simple  piece  of  apparatus  the  axial  angle  can  be  measured  with  fair  accuracy. 
Further,  a  very  convenient  apparatus  for  this  object  has  been  devised  by  Klein.  Again, 
by  tbe  careful  measurement  of  the  linear  distance  between  the  two  hyperbolas  the  axial 
angle  can  be  calculated  as  shown  by  Mallard,  f 

391.  Determination  of  the  Positive  or  Negative  Character  of  Biaxial  Crystals. 
— The  question  of  the  positive  or  negative  character  of  a  biaxial  crystal  is 
determined  from  the  values  of  the  indices  of  refraction,  where  these  can  be 
obtained.  If  c,  the  ether-axis  corresponding  to  the  index  y,  is  the  acute 
bisectrix,  the  crystal  is  optically  ^;06i7iVe;  if  a,  the  ether-axis  corresponding  to 
a^  is  the  acute  bisectrix,  the  crystal  is  optically  negative]  as  explained  in  Art. 
376  and  illustrated  by  Figs.  541,  542,  this  relation  follows  from  the  values  of 
the  refractive  indices. 

There  are,  however,  more  simple  methods  of  determining  the  character  by 
experiment.  The  quarter-undulation  mica  plate  may  be  employed  just  as  with 
imiaxial  crystals,  but  its  use  is  not  very  satisfactory  excepting  when  the  axial 
divergence  is  quite  small.  In  this  case  it  can  be  used  to  advantage,  the  plane 
of  the  axes  of  the  crystal  investigated  being  made  to  coincide  with  the  vibra- 
tion-plane of  one  of  the  nicols.  With  the  microscope  the  selonite  plate  may  be 
employed  after  a  manner  similar  to  that  explained  in  Art.  364. 

392.  The  more  general  method  is  the  employment  of  a  thin,  wedge-shaped 
piece  of  quartz;  this  is  so  cut  that  one  surface  coincides  with  the  direction  of 
the  vertical  axis,  and  the  other  makes  an  angle  of  4°  to  6°  with  it.  By  this 
means  a  wedge  of  varying  thickness  is  obtained.  The  section  to  be  examined, 
cut  normal  to  the  acute  bisectrix,  is  brought  between  the  crossed  nicols  of  the 
polariscope  (Fig.  513),  and  with  its  axial  plane  making  an  angle  of  45"  with 
the  polarization-plane  of  the  nicol  prisms;  that  is,  so  that  the  black  hyperbolas 
are  visible.  The  quartz- wedge  is  now  introduced  slowly  between  the  section 
examined  and  the  analyzer,  first,  in  a  direction  at  right  angles  to  the  axial 
plane,  that  is,  to  the  line  joining  the  hyperbolas,  of  the  plate  investigated ;  and 
second,  parallel  to  the  axial  plane,  that  is,  in  the  direction  of  the  line  joining 
the  hyperbolas.  In  one  direction  or  the  other  it  will  be  seen,  when  the  proper 
thickness  of  the  quartz-wedge  is  reached,  that  the  central  rings  appear  to 
increase  in  diameter,  at  the  same  time  advancing  from  the  center  to  the 
extremities 

The  efPect,  in  other  words,  is  that  which  would  have  been  produced  by  the 
ihinniny  of  the  given  section.  If  the  phenomenon  is  observed  in  the  first  case 
when  the  axis  of  the  quartz  is  parallel  to  the  axial  plane,  that  is,  to  the  obtuse 
bisectrix,  it  shows  that  this  bisectrix  must  have  an  opposite  sign  to  the  quartz, 
that  is,  the  obtuse  bisectrix  is  negative,  and  the  acute  bisectrix  positive.  If 
the  mentioned  change  in  the  interference-figures  takes  place  when  the  axis  of 
the  quartz  is  at  right  angles  to  the  axial  plane,  then  obviously  the  opposite 
must  be  true  and  the  acute  bisectrix  is  negative.    This  method  of  investigation 

♦Bertrand.  Bull.  Soc.  Min.,  3,  97,  1880;  see.  also.  Nachet,  ibid.,  10,  186,  1887;  Klein, 
Ber.  Ak.  Berlin.  91,  1895.     Also  references  in  p.  199. 

f  Mallard,  Bull.  Soc.  Min.,  6,  77,  1882;  this  last  method  is  explained  by  Rosen busch, 
Mikr.  Pbys.,  194,  1892. 
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can  be  applied  ereu  is  cases  where  tbe  axial  angle  is  too  large  to  appear  Id 

the  air. 

The  same  effecte  may  be  obtained  by  bringing  an  ordinary  qnartz  section 
of  greater  or  less  thickness,  cut  nornisl  to  the  axis,  between  the  analyzer  and 
the  crystal  examined,  and  then  inclining  it,  first  in  the  direction  of  the  axiul 
plane,  and  again  at  right  angles  to  it. 

The  method  of  determining  the  optical  character  in  thin  sections  in  parallel 
polarized  light  is  mentioned  in  Art.  3B4. 

393.  Absorption  Phenomena  of  Biaxial  Crystals.  Pleochroiam. — Biaxial 
crystals,  correaponding  to  the  fact  that  they  have  three  principal  refractive 
indices  {a,  /3,  y)  may  show  different  degi'ees  or  kinds  of  absorption  in  different 
directions,  usually  assumed  as  those  of  the  ether -axes,  viz.,  a,  0,  c.  The  degree 
of  absorption  is  desi^ated  asQ>b>cora>b  =  c,  etc.  Farther,  according 
to  the  kind  of  selective  absorption,  the  crystal  may  be  dichroio  or  trichroic,  or 
better,  in  general,  pleockroic/*  in  this  case  the  colors  corresponding  to  the 
vibrations  parallel  to  the  ether-axes  are  usually  given.  It  has  been  shown, 
however,  that  the  axes  of  absorption  do  not  in  all  cases  coincide  with  the 
ether- axes. 

In  order  to   investigate   the  absorptive   properties  of  a   biaxial   crystal, 
sections  must  be  obtained  which  are  parallel   to  the  several  etlier-axea,  cf. 
"   "  Fig,  546.    In  an  orthorhombic  crystal  the  faces  are  those  of 

tbe  three  pinacoids;  in  a  monoclinic  crystal  one  side  coin- 
cides with  the  clinopinacoid,  the  others  are  to  be  determined 
for  each  species.  The  light  transmitted  by  this  solid,  or  by 
the  corresponding  sections,  is  examined  by  means  of  a  single 
nicol  prism.  Suppose,  first,  that  the  light  transmitted  (F'g. 
546)  in  the  direction  of  the  vertical  axis  is  to  be  examined. 
When  the  shorter  diagonal  of  the  nicol  coincides  with  tbe 
direction  of  the  axis  b,  the  color  observed  belongs  to  that  ray 
with  vibrations  parallel  to  this  direction;  when  it  coincides 
with  the  axis  a,  the  color  for  the  ray  with  vibrations  parallel  to  a  is  observed. 
In  the  same  way  the  nicol  separates  the  different  colored  rays  vibrating  parallel 
to  c  and  a  respectively,  when  the  light  passes  through  in  the  direction  of  b. 

So  also  finiilly  when  the  section  is  looked  through  in  the  direction  of  the 
axis  a,  the  colors  for  tiie  rays  vibrating  parallel  to  b  and  C,  respectively,  are 
obtained.  It  is  evident  that  the  examination  in  two  of  the  directions  named 
will  give  the  three  possible  colors.  All  of  these  observations  are  readily  made 
with  the  microscope  provided  with  one  nicol. 

For  epiiloie,  accordlag  to  Klein,  tlie  colors  tor  llie  three  axial  directions  are  : 
J    j  Vibrations  parallel  lo  i.  brown  (absorbed). 
'  (  "  "        "  «,  yellow. 

n    ( Vibraliona  parallel  to  c,  irreen. 

^'  I         a.  yellow. 

{|   j  Vibrations  parallel  to  c.  (;reen. 
'  (         "  "        "  6,  browB  (abaorbed). 

Tlie  colors  observed  by  tbe  eye  alone  are  the  resultants  of  tbe  double  set  o(  vibrations, 
In  wbich  tbe  slronger  color  predomluittes ;  thus,  in  tbe  above  example,  the  plane  normal  lo 
t  Is  brown,  to  *  yellow iah-green,  to  a  green.  In  any  oiber  direction  in  tbe  crystal  the 
apparent  color  Is  Ibe  result  of  a  mixture  of  those  corresponding  to  Ibe  three  directions  of 
vibrntions  in  different  proportions. 

When  a  section  (normal  to  an  optic  axis)  of  a  crystal  characterized  by  a 
high  degree  of  color-absorption  is  examined  by  the  'eye  alone  (or  with  the 
,  •  Early  obwrvations  were  made  by  Haidioger,  see  literature  below. 
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microscope)  in  strongly  converging  light,  it  often  shows  the  so-called  epoptic 
figures,^  or  polarization-brushes y  somewhat  resembling  the  ordinary  axial 
interference-ligures.  This  is  true  of  andalusite,  epidote,  iolite,  also  tourmaline^ 
etc.  A  cleavage  section  of  epidote  \c  (001)  held  close  to  the  eye  and  looked 
through  to  a  bright  sky  shows  the  polarization-brushes,  here  brown  on  a  greea 
ground. 

It  is  also  to  be  noted  that  certain  strongly  absorbing  crystals  {e.g.,  biotite) 
often  show  spots  where  the  color  is  particularly  deep;  such  areas  are  some- 
times culled  pleochroic  halos. 
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Special  Optical  Cliaracters  of  Orthorhombic  Crystals. 

394.  Position  of  the  Ether-axes. — In  the  orthorhombic  system,  in  accord- 
ance with  the  symmetry  of  tlie  crystallization,  the  three  axes  of  the  indicatrix,. 
that  is,  the  ether-axes  a,  b,  c,  coincide  with  the  three  crystallographic  axes,  and 
the  three  unlike  crystallo^aphic  planes  of  symmetry  correspond  to  the  planea 
of  symmetry  of  the  ellipsoid.  Further  than  this,  there  is  no  immediate  relation 
between  the  two  sets  of  axes  in  respect  to  magnitude,  for  the  reason  that^  a» 
has  been  stated,  the  choice  of  the  crystallographic  axes  is  arbitrary  so  far  a» 
relative  length  and  position  are  concerned,  and  hence  made,  in  most  cases^ 
without  reference  to  the  optical  character. 

Sections  of  an  orthorhombic  crystal  parallel  to  a  pinacoid  plane  {a,  b,  or  c) 
appear  dark  between  crossed  nicols,  when  the  axial  directions  coincide  with 
the  vibration-planes  of  the  nicols.  In  intermediate  positions  a  section  will 
appear  light  ^r  colored  if  of  the  proper  thickness).  Hence  such  a  section 
when  revolved  on  the  microscope  will  appear  dark  four  times. 

The  same  will  be  true  of  a  section  cut  in  the  prismatic  zone  (||  i,  the 
vertical  axis)  or  in  the  plane  parallel  either  to  the  axis  h  or  a. 

395.  Determination  of  the  Plane  of  the  Optic  Axes. — The  plane  of  the  optic 
axes,  that  is,  of  the  axes  a  and  c,  corresponding  to  the  indices  a  and  y,  must 
be  parallel  to  one  of  the  three  pinacoids.  In  order  to  determine  in  which 
plane  the  axes  lie,  it  is  necessary  to  examine  sections  parallel  to  these 
directions.  One  of  these  will  in  all  ordinary  cases  show,  in  converging 
polarized  light,  the  interference-figure  peculiar  to  biaxial  crystals.  It  is 
evident  also  that  two  of  the  sections  named  determine  the  character  of  the 
third,  so  that  the  plane  of  the  optic  axes  and  the  position  of  the  acute  bisectrix 
can  be  in  practice  generally  told  from  them. 

The  position  of  the  optic  axial  plane  is  briefly  indicated  according  to  the 
pinacoid  to  which  it  is  parallel:  as,  ax.  plane  ||  «  (100),  etc.     Further,  the 

*  Tbcse  figures  are  called  hauppea  by  tbc  Prenr^h  and  PolariaaUomlnUcJiel  by  tb(;  Ger* 
man  mineralogists.     Such  crystals  are  said  to  be  idiaphafu>ua. 
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position  of  the  acute  bisectrix  is  described  according  to  the  pinacoid  to  which 
it  is  normal,  as  Bx^\_Cy  etc. 

396.  Dispersion  of  the  Axes.— From  the  section  showing  the  uxiul  figures, 
that  is,  normal  to  the  acute  bisectrix,  the  axial  angle  can  be  measured  in  the 
manner  which  has  been  described  (Art.  389).  If  it  is  practicable  to  determine 
also  the  obtuse  axial  angle  from  a  second  section  normal  to  the  obtuse  bisec- 
trix, the  true  axial  angle  (2  V)  and  also  the  mean  refractive  index  (fi)  can 
then  be  calculated. 

There  is  further  to  be  determined  the  dispersion  of  the  axes  (see  Art.  378). 
Whether  the  axial  angle  for  red  rays  is  greater  or  less  than  for  blue  (p  >  r, 
or  p  <  v)  can  be  often  seen  immediately  from  the  axial  interference-figure  in 
the  colored  plate  (f rontispiecej ;  it  is  obviously  true,  from  Fig.  3r/,  as  also 
Fig.  3J,  that  the  angle  for  the  blue  rays  is  greater  than  that  for  the  red 

(/o  <  r),  and  so  in  general.  This  same  point 
is  also  accurately  determined,  of  course,  by 
the  measured  angle  for  the  two  colors. 

In  all  cases  the  same  line  will  be  the 
bisectrix  of  the  axial  angle  for  both  blue 
and  red  rays,  so  that  the  position  of  the 
respective  optic  axes  is  symmetrical  with 
reference  to  each  bisectrix.  In  Fig.  547,  the 
dispersion  of  the  axes  is  illustrated,  where 
p  <  v;  it  is  shown  also  that  the  lines  B'B^ 
and  B^B*  bisect  the  angles  of  both  red 
{pOp')  and  blue  (vOo')  rays.  It  also  needs 
no  further  explanation  that  for  a  certain 
relation  of  the  refractive  indices  of  the 
different  colors,  the  acute  bisectrix  of  the 
axial  angle  for  red  rays  may  be  the  obtuse 
bisectrix  for  the  angle  for  blue  rays.  This  is  true,  for  example,  in  the  case  of 
the  species  danburite,  as  already  noted  (p.  209). 

397.  Refractive  Indices,  etc. — The  determination  of  the  refractive  indices 
and  the  character  (+  or  — )  of  the  acute  bisectrix  is  made  for  orthorhombic 
crystals  in  the  same  way  as  for  all  biaxial  crystals.  It  is  merely  to  be 
mentioned  that,  since  the  ether-axes  always  coincide  with  the  crystallographic 
axes,  it  sometimes  happens  that  crystals,  without  artificial  preparation,  furnish, 
in  their  prismatic  or  dome  series,  prisms  whose  edges  are  parallel  to  these 
axes,  and  consequently  at  once  suitable  for  the  determination  of  the  indices  of 
refraction.  This  is  often  true,  for  example,  with  topaz.  It  must  be  noted, 
however,  that  if  the  refractive  angle  is  too  large,  the  refracted  ray  will  not 
emerge  (see  Art.  303),  the  limit  being  when  the  angle  of  the  prism  is  equal  to 
twice  the  critical  angle. 

Special  Optical  Characters  of  Monoclinic  Crystals, 

398.  Position  of  the  Ether-axes  and  Optic  Axial  Plane. — In  crystals 
belonging  to  the  monoclinic  system  one  of  the  ether-axes  always  coincides 
with  the  orthodiagonal  axis  h,  and  the  other  two  lie  in  the  plane  of  symmetry 
at  right  angles  to  this  axis.  Here  obviously  three  cases  are  possible,  according 
to  which  two  of  the  axes,  a,  b,  or  c,  lie  in  the  plane  of  symmetry. 

Corresponding  to  these  three  positions  of  the  ether -axes,  there  may 
occur  three  kinds  of  dispersion  of  these  axes,  or  dispersion  of  the  bisectrices 
(Art.  377).    This  dispersion  arises  from  the  fact  that,  while  the  position  of 
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ooe  nxis  is  Qxed,  the  position  of  the  other  two  may  be  different  for  the  different 
colors  (ware-lengths),  so  that  the  bisectriceB  of  the  different  colors  may  not 
coincide. 

399.  StBoroBOope. — The  position  of  the  two  axes  in  the  plane  ot  symmetry 
may  be  determined  hy  use  of  the  microscope  as  described  in  Art.  380.  A  more 
accurate  method,  applicable  in  certain  cases,  involvea  the  principle  of  tlie 
stanroacope,  an  instrument  first  devised  by  von  Kobell  {1855  •),  and  since  then 
mnch  improved.  In  its  present  form  it  is  simply  the  orthoscope  of  Fig,  515 
with  a  compoBition  plate  of  calcite  inserted  at  m  in  the  upper  tube.  This 
gives  a  peculiar  interference-figure  the  form  of  which  is  altered  if  a  doubly 
refracting  section  is  placed  on  the  stage  below,  nnleas  its  vibration -planes 
coincide  with  those  of  the  crossed  nicols.  The  adjustment  which  restores  the 
normal  figure  can  be  mode  with  great  precision.  To  accomplish  this,  it  is 
essential  that  the  direction  of  the  known  edge  ot  the  crystal  should  b» 
exactly  parallel  to  the  vibration-direction  of  one  of  the  nicols.  This  condition, 
in  the  case  of  small  crystals  especially,  is  hard  bas. 
to  fulfill,  and  to  accomplish  it  most  satisfactorily 
the  holder  shown  iu  Fig.  548  is  made  nse  of. 
A  plate  of  glass,  v,  held  in  its  present  position 
by  a  spring,  has  one  edge  polished,  that  which 
adjoins  ii,  and  the  direction  of  this  is  made  to 
coincide  exactly  with  the  line  joining  the  opposite 
zero  points  of  the  graduation.  The  crystal  section 
is  attached  to  this  plate  over  the  hole  seen  in  v, 
and  with  a  plane  of  known  crystallographio 
position,  either  «,  c  or  a  face  in  that  zone  (or  a 
corresponding  edge),  coinciding  with  the  direction 
of  the  polished  edge  of  the  plate.  Whether  this  "  — 
coincidence  is  exact  can  be  tested  by  t)ie  reflecting  goniometer. 

After  the  adjustment  of  the  section  on  the  plate  v,  the  latter  is  inserted  in 
its  place,  the  whole  plate  placed  in  position  (Fig.  515),  and  the  nicols  so' 
adjusted  that  the  vibration  plane  of  one  coincides  with  the  line  0°  to  ISO". 
Tiie  angle  of  revolution  of  the  circular  plate,  /,  is  obtained  from  tiie  gradu- 
ated scale  on  it. 

It  is  not  always  easy  to  make  the  adjustment  of  the  nicols  alluded  to,  but 
the  error  arising  when  the  vibration-plane  of  the  nicol  does  not  coincide  with 
the  line  0"  to  180°  is  easily  eliminated.  This  is  accomplished  by  removing  the 
plate  V,  and,  withont  disturbing  the  crystal  section,  restoring  it  to  its  place  in 
an  inverted  position.  The  measured  angle,  if  before  too  great,  will  now  be  as 
much  too  small,  and  the  arithmetical  mean  of  the  two  measurements  will  b& 
the  true  angle.     (Cf.  Groth,  I.  c.) 

400.  Position  of  the  Plane  of  the  Optic  Azea. — The  investigation  of  a  section 
of  a  monoclinic  crystal  parallel  to  the  plane  of  symmetry  determines  the 
position  of  the  two  ether-axes  lying  in  this  plane,  but  it  does  not  fix  the 
relative  position  of  the  axes  a  and  c,  that  is,  the  plane  of  the  optic  axes. 
To  solve  the  latter  point,  sections  normal  to  each  of  the  three  axes  must  be 
examined  in  converging  polarized  l^ht,  and  one  of  them  will  show  the 
characteristic  inter  fere  nee -figure.  The  section  parallel  to  the  plane  of 
symmetry  is  first  to  be  examined,  and  if  it  does  not  show  the  axes  even 
in  oil,  one  or  both  of  the  other  sections  spoken  of  must  be  employed. 
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The  position  of  the  optic  axinl  plane  is  described  as  ||  i  or  J_  &  uccording 
aa  it  is  parallel  or  normal  to  the  plane  of  sjmmetrj,  that  is,  to  the  faue  b(OlO). 
In  the  former  case,  the  position  of  the  bisectrices  may  be  defined  according  to 
the  angle  which  the  acute  bisectrix  {Bz^)  maicea  either  with  the  normal  to  the 
face  a  (100)  or  that  of  c  (001)  or  with  the  vertical  axis  A  The  last  method  is 
particularly  convenient  since  the  direction  of  the  vertical  crystal lographic  axis, 
i,  is  that  marked  by  the  prismatic  zone  {e.g.,  in  a  section  by  cleavage  lines), 
■and  still  more  since  the  extremity  of  d  is  the  middle  point  of  the  sphere  of 
projection  (Fig.  550)  and  the  angle  is  either  -f  (in  front,  toward  100)  or  — 
{behind,  toward  100). 

For  exnTnple.  cypsum  is  optlcnlly  positive,  hence  tlie  nxis,  c,  is  Ibe  acute  l>isectrix,  .fivn. 
Further  (Fira.  649,  550).  the  position  of  Bta  Is  defined  by  tbe  angle  Bxa  A  i  =  +  52i°. 
But  since  Ibe  axial  angle  ft,  or  ae  (001  a  100),  =  60°  43'.  It  Is  iilso  true  Ihal  llie  normal 

649.  660. 


■ngles  between  (  or  a  and  the  planes  e,  a  are  as  follows:  «  =  +  43°  13'.  «c  =  +  37'  80', 
and  ca=  —  46°  48'.  The  positions  of  tie  bisectrices  aie  shown  iu  the  section  paralle)  to 
A  (010)  of  Fig.  649.  and  also  In  the  sphere  of  projectlou.  Fig.  550. 

501.  401.  Dispersion   of   the  Bisectrices. — 1.    Inclined 

Dispersion.— In  this  first  case  the  plane  of  tlie 
optic  axes  is  parallel  to  the  face  b  (010);  in  otlier 
words,  the  two  bisectrices  (the  axes  a  and  c)  lie  in  iln; 
plane  of  symmetry,  and  tlie  mean  axis  (i  coincides  witli 
the  orthodiagonal  axis.  The  optic  axes  may  here  ."uff'T 
a  dispersion  lu  this  plane  of  symmetry,  and,  as  nlrcn  'v 
stated,  they  then  do  not  lie  symmetrically  with  refori"f  o 
to  the  acute  bisectrix.  This  is  illustrated  in  Fi<r. -"i.'il, 
where  MM  is  the  bisectrix  for  the  angle  rOr',  and  /i/i 
for  the  angle  f>Op'.  This  kind  of  dts]Tersion  was  called 
by  Des  Gloizeaux  inclined  (dispersion  tnclinee).  The 
position  of  the  two  axial  planes  is  further  illustrated  by 
Fig.  553  (from  Schrauf),  and  corresponding  to  tjiis  the 
"     "  axial   interference-figure,  when  the  dispersion   is  con- 

siderable, shows  a  distribution   of  colors  illustrated  by  Figs,  in  and  ib  of 
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the  plate  (frontispiece),  which  should  be  compared  with  the  normal  figures 
{Figs.  3a  and  3 J),  where  there  is  no  dispersion  of  the  bisectrices. 


662. 


663. 


664. 


1.  iDclined. 
Ax.  pi.  1  h  (010). 


2.  Horizontal.  8.  Crossed. 

Ax.  pi.  JL  J;  Bxo  ± b.       Ax.  pi.  ±  J;  Bxa  ±  J. 


2.  Horizontal  Dispersion.  In  the  second  case  the  acute  bisectrix 
^nd  b  lie  in  the  plane  of  symmetry,  and  the  optic  axial  plane  is  hence 
normal  to  it.  In  other  words,  the  plane  of  the  optic  axes  for  all  the  colors 
lies  parallel  to  the  orthodiagonal  axis,  but  these  planes  may  have  different 
inclinations  to  the  vertical  axis.  This  was  called  horizontal  dispersion  by 
Des  Cloizeaux. 

The  relative  positions  of  the  axial  planes  is  illustrated  by  Fig.  553,  and 
the  resulting  interference-figure  is  shown  in  Fig.  5  of  the  plate. 

3.  Crossed  Dispersion.  In  the  third  case  the  obtuse  bisectrix  and  b  lie 
in  the  plane  of  symmetry,  that  is,  the  plane  of  the  optic  axes  is  normal  to 

this  plane  and  the  acute  bisectrix  coincides  with  the  orthodiagonal  axis  t, 
This  was  called  crossed  dispersion  by  Des  Cloizeaux  (dispersion  toumante 
or  crois6e).  The  relative  positions  of  the  axial  planes  is  illustrated  by 
Fig.  554  and  the  corresponding  interference-figure  is  shown  in  Fig.  6  of 
the  plate. 

402.  Axial  Angle,  Dispersion,  etc.— -The  method  of  measuring  the  axial 
Angle  has  been  already  explained,  and  if  this  is  determined  for  the  different 
oolors  it  will  determine  the  dispersion  of  the  axes  p^v. 

The  dispersion  of  the  bisectrices  has  beey  shown  to  be  in  general 
indicated  by  the  character  of  interference-figures ;  its  amount,  where  con- 
siderable, may  be  determined  by  making  the  stauroscopic  measurements  for 
different  colors. 

The  remaining  points  to  be  investigated,  the  refractive  indices,  the  +  or 
—  character  of  the  crystal,  etc.,  need  no  further  explanation  beyond  that 
which  has  been  already  given. 

Special  Optical  Characters  of  Triclinic  Crystals. 

403.  The  crystals  of  the  triclinic  system  are  characterized  by  the  absence 
of  a  plane  of  crystallographic  symmetry,  the  position  and  inclination  of  the 
axes  being  thus  arbitrary.  It  follows  from  this  that  there  is  no  necessary 
connection  between  them" and  the  rectangular  ether-axes.  More  than  one  of 
the  three  kinds  of  dispersion  mentioned  in  Art.  401  may  occur  in  a  single 
crystal,  and  the  interference-figures  will  indicate  the  existence  of  both. 

The  practical  investigation  of  triclinic  crystals  optically  involves  consider- 
able difficulty;  in  general  a  series  of  successive  trials  are  required  to  determine 
the  position  of  the  axes.  When  these  are  found,  the  axial  sections  can  be 
prepared  and  the  axial  angle  determined,  and  the  other  points  settled  as  with 
other  biaxial  crystals.     Cf.  Fig.  341,  p.  109,  of  chalcanthite,  where  S  repre- 


224:  PHYSICAL  MINERALOGY. 

sents  approximately  the  position  of  Bx^y  or  in  other  words  is  the  pole  or  normal 
to  the  plane  at  right  angles  to  the  acute  bisectrix.  On  the  general  relation 
between  the  extinction-directions,  ether-axes  and  optic  axes,  see  the  authors 
referred  to  on  p.  212. 


404.  Effect  of  Heat  upon  Optical  Characters. — The  general  effects  of  heat 
upon  crystals  as  regards  expansion,  etc.,  are  spoken  of  later.  It  is  convenient, 
however,  to  consider  here,  briefly,  the  changes  produced  by  this  means  in  the 
special  optical  characters.  It  is  assumed  that  no  alteration  of  the  chemical 
composition  takes  place  and  no  abnormal  change  in  molecular  structure.  The 
essential  facts  are  as  follows: 

(1)  Isotropic  crystals  remain  isotropic  at  all  temperatures.  Crystals,  how- 
ever, which  like  sodium  chlorate  (NaClO,  of  Group  5,  p.  51)  show  circular 
polarization,  may  have  their  rotatory  power  altered;  in  this  substance  it  is  in- 
creased by  rise  of  temperature. 

(2)  Utiiaxial  crystals  similarly  remain  uniaxial  with  rise  or  fall  of  tempera- 
ture; the  only  change  noted  is  a  variation  in  the  relative  values  of  co  and  e,  that 
is,  in  the  strength  of  the  double  refraction.  This  increases,  for  example,  with 
calcite  and  grows  weaker  with  beryl  and  quartz.  It  is,  further,  interesting  to 
note  that  the  rotatory  power  of  quartz  increases  with  rise  of  temperature,  out 
the  relation  for  all  parts  of  the  spectrum  remains  sensibly  the  same. 

(3)  With  Biaxial  crystals,  the  effect  of  change  of  temperature  varies  with 
the  system  to  which  they  belong. 

The  axial  an^le  of  biaxial  crystals  may  be  measured  at  any  required  temperature  by  the 
use  of  a  metal  air-bath.  This  is  placed  nt  P(Fig.  544),  and  extends  beyond  the  instniment 
ou  either  side,  so  ns  to  allow  of  its  being  heated  with  gas-burners ;  a  thermometer  inserted 
in  the  bath  makes  it  possible  to  regulate  the  temperature  as  may  be  desired.  This  bath  has 
two  openings,  closed  with  glass  plates,  corresponding  to  the  two  tubes  carrying  the  lenses, 
and  the  crystal-section,  held  as  usual  in  the  pincers,  is  seen  through  these  glass  windows. 
Suitable  acceasoiies  to  the  refractonieter  also  allow  of  the  measurement  of  the  refractive 
indices  at  different  temperatures. 

In  the  case  of  orthorhombic  crystals,  the  position  of  the  three  rectangular 
ether-axes  cannot  alter,  since  they  must  always  coincide  with  the  crystallo- 
graphic  axes.  The  values  of  the  refractive  indices,  however,  may  change,  and 
hence  with  them  also  the  optic  axial  angle;  indeed  a  change  of  axial  plane  or 
of  the  optical  character  is  thus  possible. 

For  example,  Des  Cloizeaux  gives  the  following  values  for  barite :  2Er  =  63'  5'  at  12'' 
C.  69"  49'  Ht  9o•5^  74"  42'  at  195-8\  Further,  Arzruni  obtained  the  following  measuments 
of  the  refractive  indices  of  the  same  species  for  the  D  line  : 

a                    ft                     r  2E  2V 

At    20"            1-63609  1-63712  164795  64''    V             37"  28' 

"     50"            1-63575  1-63678  164726  38M3' 

100"            l-63ol2  1-63612  1-64643  68*51'             40"  15' 

200"            1-63344  1-63474  1-64426  77°  16' (204")  44M8' 

Viith* mo7ioclinic  crystals,  one  ether-axis  must  coincide  at  all  temperatures 
with  the  axis  of  symmetry,  but  the  position  of  the  other  two  in  the  plane  of 
symmetry  may  alter,  and  this  with  the  possible  change  in  the  value  of  the 
refractive  indices  may  cause  a  variation  in  the  degree  (or  kind)  of  dispersion  as 
well  as  in  the  axial  angle. 

With  triclinic  crystals,  both  the  positions  of  the  ether-axes  and  the  values 
of  the  refractive  indices  may  change.  The  observed  optical  characters  may 
therefore  vary  widely. 
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A  striking  example  of  the  change  of  optical  characters  with  change  of  temperature  is 
furnished  by  gypsum,  as  investinited  by  Des  Cloizeaux.  At  ordinary  temperatures,  the 
dispersion  is  inclined,  the  axial  plane  is  |6  and  2Br  =  95"".  As  the  tenipeniture  rises  this 
angle  diminishes  ;  thus  at  47%  2Er  =  76**;  at  95".  2Er  =  39";  ami  ai  116".  ^AV  =  0.  At  Uiis 
last  temperature  the  axes  for  blue  rays  have  already  separated  iu  a  i)lai)e  x  6  ;  at  120"  the 
axes  for  red  rays  also  separate  iu  this  plane  (lb)  and  the  dispersion  becomes  fiofizontal. 
The  motion  toward  the  center  of  one  red  axis  is  more  rapid  than  that  of  the  other,  namely 
between  20"  and  95".  83"  55'  and  22"  88',  respectively ;  thus  Bxr  moves  5"  38 . 

Another  interesting  case  is  that  of  glauberite.  Its  optical  characters  under  normal  con-^ 
ditious  are  described  as  follows  :  Optically  — .  Ax.  pi.  ±  6,  Bxar.  A  <i  =  —  31"  8',  Bxa.y 
=  -  30'  46',  Bxa.bi  A  ^  =  —  30"  10'.  The  optical  character  (-)  and  the  position  of  the  axes 
of  elasticity  remain  sensibly  constant  between  0"  and  100".  The  ax.  pi.,  however,  at  first 
±  b  with  horizontal  dispersion  and  o  <  p  becomes  on  rise  of  temperature  |6  with  inclined 
dispersion  and  o  >  p.  The  axial  angle  accordingly  diminishes  to  0"  at  a  temperature 
depending  upon  the  wave-length  and  then  increases  iu  the  new  plane.  In  white  light, 
therefore,  the  interference-figures  are  abnormal  and  change  with  rise  iu  temperature.  Axial 
angles,  Laspeyres : 

red  (Li)  yellow  (Na)       green  (Tl)  blue 

At    5"    2E  =  16'    6'  14"    8'  11"  42'  8"  51' 


22" 

"   =  13"  30' 

ir  8' 

8M4' 

0"  (at  18") 

36" 

"  =  11"    1' 

8°    9* 

0" 

8"  42' 

46" 

••  =    8' 40' 

0" 

7"    8' 

11"    8' 

58" 

-  =    0" 

7"  14' 

10"  32' 

13"    2' 

85" 

"  =  10"  47 

13"  14' 

15"  15' 

17"  r 

Des  Cloizeaux  found  that  the  feldspars,  when  heated  up  to  a  certaiu  poiut,  suffer  a 
change  in  the  position  of  the  axes,  and  if  the  heat  becomes  greater  aud  is  long  continued 
they  do  not  return  again  to  their  original  position,  but  remain  altered. 

In  addition  to  the  typical  cases  referred  to,  it  is  to  be  noted  that  when  eleva- 
tion of  temperature  is  connected  with  change  of  chemical  composition  wide 
changes  in  optical  characters  are  possible.  This  is  illustrated  by  the  zeolites  and 
related  species,  where  the  effect  of  loss  of  water  has  been  particularly  investi- 
gated. 

Further,  with  some  crystals,  heat  serves  to  bring  about  a  change  of  molecular 
structure  and  with  that  a  total  change  of  optical  characters.  For  example,  the 
greenish-yellow  (artificial)  orthorhombic  crystals  of  antimony  iodide  (Sbl,)  on 
heating  (to  about  114°)  change  to  red  uniaxial  hexagonal  crystals.  Note  also 
the  remarks  made  later  in  regard  to  the  effect  of  heat  upon  leucite  and  boracite 
(Art.  411). 

406.  Some  Peeuliarities  in  Axial  Interferenee-flgaret.* — In  the  case  of  uniaxial  crystals,  the 
characteristic  interference-figure  varies  but  little  from  one  species  to  auother,  such  varia- 
tion as  is  observed  being  usually  due  to  the  thickness  of  the  section  and  the  birefringence. 
In  some  cases,  however,  peculiarities  are  noted.  For  example,  the  interference-figure 
of  apophyllite  is  somewhat  peculiar,  since  its  birefringence  is  very  weak,  and  it  may  be 
optically  positive  for  one  part  of  the  spectrum  and  negative  for  the  other. 

In  the  case  of  biaxial  crystals,  peculiarities  are  more  common.  The  following  are  some> 
typical  examples : 

Brookite  is  optically  -f-  and  the  acute  bisectrix  is  always  normal  to  a  (100).  While,  how- 
ever, the  axial  plane  is  (c  for  red  and  yellow,  with  2Er  =  55',  2Ej,  =  30",  it  is  commonly 
|6  for  green  and  blue,  with  2Egr  =  34".  Hence  a  section  [a  in  the  conoscope  shows  a  figure 
somewhat  resembling  that  of  a  uniaxial  crystal  but  with  four  sets  of  hyperbolic  bands. 

Titanite  also  ^ives  a  peculiar  interference-figure  with  colored  hyperbolas  liecause  of 
the  high  color-dispersion,  p  >  «;  thus  Des  Cloizeaux  gives  2Er  =  55"  to  56",  2Er  =  84"; 
the  dispersion  of  the  bisectrices  is.  however,  very  small. 

The  most  striking  cases  of  peculiar  axial  figures  are  afforded  by  twin  crystals  (Art.  407). 

406.  Relation  of  Optical  Properties  to  Chemical  Composition. — The  effect  of 
varying  chemical  composition  upon  the  optical  characters  has  been  minutely 

*  Variation**  in  the  axial  figures  embraced  under  the  head  of  optical  anomalies  are  spokcn^ 
of  later  (Art.  411). 
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studied  in  the  case  of  many  aeries  of  isomorphous  salta,  and  with  important 
results.*^  It  is,  indeed,  odIj  a  part  of  the  general  snbject  of  the  relation  between 
cryatalliue  form  and  molecular  etructare  on  the  one  hand  and  chemical  com- 
position oil  tbe  other,  one  part  of  which  has  been  discussed  in  Art.  302.  It 
was  shown  tliere  that  the  refractive  index  can  often  be  approximately  calculated 
from  the  chuniieal  composition. 

Amuug  mioeMla,  Ibe  niost  imporlaut  ciamples  of  tbe  relation  between  composltloii  imd 
t>i)iical  cCaruciers  are  uflorded  by  tlie  liicllnlc  feldspars  of  tlie  albite-anorlliile  rerlee. 
Utre,  as  explaiued  iu  detail  iti  the  descriptive  part  of  Ihls  worli,  Ibe  relation  is  so  close 
iliat  ilie  compusiiiuu  at  any  iuiercaedisle  member  of  this  iaomorplioua  group  can  be  predicted 
fruiii  ilie  puHiliuu  uf  iU  elher-axeii,  or  more  simpl]'  from  tbe  Tibrntion- direct  Ions  on  the 
fuudatneniul  cle;iviige-d  tree  lions,  [e  (001)  a"d  \b  (010), 

The  effect  of  varying  araounis  of  lion  pmloxlUe  (FeO)  Ii  ilJuBlrflled  Id  the  case  of  Ibe 
rooDocliiiic  pyroxeoea,  wbere,  for  example,  ihe  an^le  Bx.  A  ^  is  86°  iu  diopside  (S'9  p.  c. 
FeO)  aud  48'  Id  hedenbergile  (36  p.  c.  FeO).  'lliis  Is  also  sliowo  Id  tbe  closely  relsled 
ortburbumbic  species  of  tbe  same  group,  t.-ustalilc,  AlgSiOinJtb  llltle  Iron,  and  byiH-ratbene, 
(Mg.Fe)SiO,  iviiL   iron  to  ocarly  30  p.  c.     Wiib  l.Uli  of  Ibt-se  species  the  nxiiil  plr—  '- 


Etrallel  loi(OIU),  but  Ibefurmcr  is  oiilically  +  (Ux.  =  tjnad  the dispotsiou  (>  <v,  tbe  latter 
optiCHlly  —  iBx.  =  a)  nud  dispersino   p  >  r.     Iu   utlicr  words.   Ihe  optic  axini   ■ 
■i  riipully  with  tbe  FeO  percentage,  buiug  about  tK>°  for  F(*0  =  10  p.  c.    In  Ibe 


With  liilli  of  Ibt-Be  species  the  n 

,  +(Bx.  =  c;tiDd  ihc dispotainu  w  <    .  -- 

nud  dispersion   p  >  r.     Iu   oilier  words.   Ihe  optic  axinI   aagle 
i  FeO  percentage,  buiug  about  tK)°  for  FtO  =  10  p.  c.    In  Ibe  case 
of  tbe  clirysolites.  the  epidol«a,  tbe  speeles  Iriphyllle  and  litbiopbiliie,  and  others,  aiialogoui 
relations  have  been  maile  out. 

407.  Optical  Properties  of  Twin  Crystals. — Tbe  examination  of  sections  of 
666.  twin   crystals   of  any  other  than  the   igometrio 

system  in  polarized  light  serves  to  establish  the 
compound  character  at  once  and  also  to  show  the 
-,  relative  orientation  of  the  several  parts.  This  is 
most  distinct  iu  the  rase  of  contact-twins,  but  is 
also  well  shown  with  penetration- twins,  though 
here  the  parts  are  usually  not  separated  by  a  sharp 
line. 

Thus  the  examination  of  a  section  parallel  to 
b  (010)  of  a  twin  crystal  of  g)'pBnm,  of  the  type 
of  Fig.  555,  makes  it  easy  not  only  to  establish  the 
fact  of  the  twinning  but  also  to  fix  the  relative 
positions  of  the  ether-axes  in  tiie  two  parts.  The 
nieasuremont  can  in  such  cases  be  made  between 
a  tbe  two  halves,  instead  of  between  one  of  these  and 
some  definite  crystallographic  line,  as  the  vertical  axis. 

Tbe  polyayiillietic  twiriiiing  of  certain  B]>eciea,  as  tbe  Iriellnic  feldspius,  appears  with 

^reat  disiinclucss  iu  pul.irized  light.    For  example,  in  the  case  of  '    ' 

to  tbebnsal  cleavage,  tbe  altcruule  bands  extinguisb  logelhev 
and  assume  tbe  same  litit  wheu  Ibe  quartz  section  U  insei'ted. 
Hetice  tbe  angle  between  these  diieolions  is  easily  meiiaured, 
and  Ibis  ia  obviously  double  Ibe  extinct iou -angle  made  with 
tbe  edge  h/e.     A.  basal  sectiuu  of  microclioe  iu  the  same  way 
shows  its  compound  twiuulng  according  to  both  tbe  albile  and 
perlclitie    biws.    tbe   Hiaracteristic   grating    structure    being  ( 
clearly  revealed  In  |>olarized  light.    Fig-  556  of  a  section  of   [ 
chondrndite  (from  Des  Cloizeaux)  shows  bow  tlie  compound 
alructure  is  shown  by  optical  examination  ;  the  posltiou  of  tbe   I 
ailal  plane  is  indicated  in  llie  case  of  ilie  successive  polyayu-    ' 
Ihelic  lauiells.     The  complex  ])enetmllon-twiDS  of  right- and 
l-fl-lianded  crystals  of  quartz  (see  the  desciipilon  of    that 
iipecies)  also  have  their  character  strikingly  revealed  iu  polar- 
ized liebt. 

Still  again,  the  true  stniclurc  of  complex  multiple  twins,  exhibiting  pseudo-symmetry 


the  eitiiiction-directio 


n  of  ulhltc,  parallel 
66S. 


*  See  a  recent  paper  by  Puckcls,  Jb.  Miu.,  Beil.-£ 
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The  aoalogoui  six-Bided  pymmld  of  bromllte  (Pig.  S58)  hag  a  atlll  u 


Willierite. 
ss  showu  in  Fig.  559.    PfB!.  S60  bIiows  a  simple 
tj|)e  of  twin-crystnl,  and  FIk-  563  illusii-ares  lio 
Id  polarized  ligbt.    Oilier  llluatrBtlouB  are  gii 


Bromlile  (Des  Clolzeaux). 
crystal  of  stilbite;  Fig.  661  Is  Ibe  common 

tlie  complex  structure  (|A  010)  is  revealed 
1  in  Art.  411.    It  will  be  underatood  tLat 


660. 


661. 


Stilbile  {Lflsaiilx]. 
the  nxlal  interfere Dce- figures  of  twin  crystals,  wbcre  llie  parts  are  superpoaed,  often  show 
many  peculiarities ;  Ibe  Air^  spirals  of  quartz  (p.  203)  will  serve  as  on  jllustrntton. 

40B.  A  particularly  interestiiig  case,  related  to  the  subject  diBcusscii  in  the 
precedtDg  article,  is  that  of  the  special  properties  of  superposed  cleavage- 
B63.  sections  of  mica,  as  deTeloped  by  Reusch.*     If  three  or 

more  of  these,  say  of  rectangular  form,  be  superposed  and 
so  placed  that  the  lines  of  the  axial  planes  make  equal 
angles  of  60°  (45°,  etc.)  with  each  other  the  effect  is  that 
polarized  light  which  has  passed  through  the  center 
suffers  circular  polarization,  with  a  rotation  to  right  or 
left  according  to  the  way  in  which  the  sections'are  built 
up.  The  interference-figure  resembles  that  of  a  section 
of  quartz  cut  normal  to  the  axis.  This  is  illustrated  in 
Fig.  563. 

If  the  sections  are  numerous  and  very  thin  the  imita* 
tion  of  the  phenomena  of  quartz  is  closer.     As  shown  by 
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Sohncke  and  others,  these  facts  throw  much  light  upon  the  ultimate  molecular 
structure  of  a  crystallized  medium  showing  circular  polarization.  Further,  it 
is  easy  from  this  to  understand  how  it  is  possible  to  have  in  sections  of  certain 
crystals  (e.g.,  of  clinochlore)  portions  which  are  biaxial  and  others  that  are  uni- 
axial, the  latter  being  due  to  an  intimate  twinning  after  this  method  of  biaxial 
portions. 

409.  Optical  Fropertiei  of  Cryitalline  Aggregatei. — The  special  optical  pbeDomeDn  of  the 
different  kinds  of  crystalline  aggregates  described  on  pp.  142,  148.  and  the  extent  to  which 
their  optical  characters  can  be  determined,  depend  upon  the  distinctness  in  the  development 
of  the  individuals  and  their  relative  orientation.  The  case  of  ordinary  granular,  tibrous,  or 
columnar  aggregates  needs  no  special  discussion.  Where,  however,  the  doubly  refructiug 
grains  are  extremely  small,  the  microscope  may  hardly  serve  to  do  more  than  to  show  the 
aggregate  polarization  present. 

A  case  of  special  interest  is  that  of  spherulites,  that  is,  aggregates  spherical  in  form  and 
radiated  or  concentric  in  structure:  such  aggregates  occur  witK  calcite,  various  chlorites, 
feldspars,  etc.  If  they  are  formed  of  a  doubly  refracting  crystalline  mineral,  or  of  ao 
amorphous  substance  which  has  birefringent  ciiaructers  due  to  internal  tension,  they  com- 
monly exhibit  a  dark  cross  in  the  microscope  between  crossed  nicols;  further,  this  cross.  a» 
the  section  is  revolved  on  the  stage,  though  actually  stationary,  seems  to  rotate  backward.^ 

A  distinct  and  more  special  case  is  that  of  spherical  aggregates  of  a  mineral  optically 
uniaxial  (or  biaxial  with  a  small  angle).  Sections  of  these  (not  central)  in  parallel  polarized 
light  show  more  or  less  distinctly  the  interference-figure  of  a  uniaxial  crystal.f  The 
objective  must  be  focussed  on  a  point  a  little  removed  from  the  section  itself,  say  on  the 
surface  of  the  sphere  of  which  it  is  a  part.  In  such  cases  the  -f  or  —  character  of  the 
double  refraction  can  be  determined  as  usual. 

410.  Change  of  Optioal  Character  Indnced  by  Fressnre. — As  the  difference  between  the 
optical  phenomena  exhibited  by  an  isometric  crystal  on  tlie  one  hand  and  a  uniaxial  or 
biaxial  crystal  on  the  other  is  referred  to  a  difference  in  molecular  structure  modifying  the 
properties  of  the  ether,  it  would  be  inferred  that  if  an  amorphous  substance  were  subjected 
to  conditions  tending  to  develop  an  analogous  difference  in  its  molecular  structure  it  would 
also  show  doublv  refracting  properties. 

This  is  found  to  be  the  case.  Glass  which  has  been  suddenly  cooled  from  a  state  of 
fusion,  and  which  is  therefore  characterized  by  strong  internal  tension,  usually  shows 
marked  double  refraction.  Further,  glass  plates  subjected  to  great  mechanical  pressure  in 
one  direction  show  in  polarized  lie^ht  more  or  less  distinct  interference-curves.  Gelatine 
sections,  also,  under  pressure  exhibit  like  phenomena.  Even  the  strain  in  a  glass  block 
developed  under  the  influence  of  unlike  charges  of  electricity  of  greatdifference  of  potential 
on  its  opposite  sides  is  sufficient  to  mnke  it  doubly  refracting. 

In  an  analogous  manner,  as  shown  by  Klein,  Backing,  and  others.^  the  double  refraction 
of  a  crystal  may  be  changed  by  the  application  of  mechanical  force.  Klein  found  that 
pressure  exerted  normal  to  the  vertical  axis  of  a  section  of  a  tetragonal  or  hexagonal  crystal 
which  has  been  cut  1  i,  changes  the  uniaxial  interference-figure  into  a  biaxial,  and  with 
substances  optically  positive,  the  plane  of  the  optic  axes  was  parallel,  and  with  negative 
substances  normal,  to  the  direction  of  pressure. 

The  quartz  crystals  in  rocks,  which  have  been  subjected  to  great  pressure,  are  often  found 
to  be  in  an  abnormal  state  of  tension,  showing  an  imdulatory  extinction  in  polarized  light. 

411.  Optical  Anomalies. — Since  the  early  investigations  of  Brewster, 
Herschel,  and  others  (1815  ei  seq.)  it  has  been  recognized  that  many  crystals 
exhibit  optical  phenomena  which  are  not  in  harmony  with  the  apparent 
symmetry  of  their  external  form.  Crystals  of  many  isometric  species,  as 
analcite,  alum,  boracite,  garnet,  etc.,  often  show  more  or  less  pronounced 
double  refraction,  and  sometimes  they  are  distinctly  uniaxial  or  biaxial.  A 
section  examined  in  parallel  polarized  light  may  show  more  or  less  sharply 


*Cf.  Rosenbusch,  Mikr.  Phys.,  68  etseq.,  1892. 

tBerlrand,  C.  R.,  94,  542.  1882;  Mallard,  Bull.  Soc.  Min.,  4,  67.  1881. 

X  This  subject  has  been  discussed  by  various  niithors.  among  whom  (in  recent  years)  arc 
the  following:  Klocke.  Jb.  Min..  2.  249.  1881:  Backing.  Zs.  Kryst.,  7.  555,  1888;  Brauns, 
Jb.  Min.,  1,  232,  1886:  Klein,  Ber.  Ak.  Berlin,  724.  1890;  Pockels.  Wied.  Ann..  37,  144, 
etc..  1889;  39,  440,  1890;  Jb.  Min.,  Beil.-Bd.,  8,  217,  1893.    See  also  literature  on  p.  231. 
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defiued  doubly  refracting  areas,  or  parallel  bftnds  or  lamellaB  with  varying 
extinction.  Occasionally,  as  noted  by  Klein  in  the  case  of  garnet,  while  most 
crystals  are  normally  isotropic,  others  show  optical  characters  which  seem  to 
be  determined  by  the  external  bounding  faces  and  edges;  thus,  a  dodecahedron 
may  appear  to  be  made  up  of  twelve  rhombic  pyramids  (biaxial)  whose  apices 
are  at  the  center;  a  hexoctahedron  similarly  may  seem  to  be  made  up  of  forty- 
•eight  triangular  pyramids,  etc. 

Similarly,  crystals  of  many  common  tetragonal  or  hexagonal  species,  as 
vesuvianite,  zircon,  beryl,  apatite,  corundum,  chabazite,  etc.,  give  interference- 
figures  resembling  those  of  biaxial  crystals.  Also,  analogous  contradictions 
between  form  and  optical  characters  are  noted  with  crystals  of  orthorhombic 
and  monoclinic  species,  e,g,,  topaz,  natrolite,  orthoclase,  etc.  All  cases  such  as 
those  mentioned  are  embraced  under  the  common  term  of  optical  anomalies. 

This  subject  has  been  minutely  studied  by  many  investigators  in  recent 
years  (see  literature),  and  important  additions  have  been  made  to  it  both  on 
the  practical  and  the  theoretical  side.  The  result  is  that,  though  doubtful 
cases  still  remain,  many  of  the  typical  ones  have  found  a  satisfactory  ex- 
planation.    No  single  tneory,  however,  can  be  universally  applied. 

The  chief  question  involved  has  been  whether  the  anomalies  are  to  be 
considered  as  secondary  and  non-essential,  or  -whether  they  belong  to  the 
inherent  molecular  structure  of  the  crystals  in  question.  On  the  one  hand, 
it  has  been  urged  that  internal  tension  suffices  (Art.  410)  to  call  out  double 
refraction  in  an  isotropic  substance  or  to  give  a  uniaxial  crystal  the  typical 
optical  structure  of  a  biaxial  crystal.  On  the  other  hand,  it  is  equally  clear 
tnat  twinning  often  produces  pSeudu-symmetry  in  external  form,  and  at  the 
same  time  conceals  or  changes  the  optical  characters.  From  the  simplest  case, 
as  that  of  aragonite  (Fig.  397),  we  pass  to  more  complex  cases,  as  witherite 
(Figs.  400,  401,  and  557),  bromlite  (Figs.  558,  559),  phillipsite  (Figs.  362, 
422-424),  which  last  is  sometimes  pseudo-isometric  in  form,  though  optical 
fitudy  shows  the  monoclinic  character  of  the  individuals.*  Reasoning  from 
the  analogy  of  these  last  cases.  Mallard  was  led  (1876)  to  the  theory  that  the 
optical  anomalies  could  in  most  cases  be  explained  by  the  assumption  of  a 
similar  but  still  more  intimate  grouping  of  molecules  which  themselves  without 
this  would  unite  to  form  crystals  of  a  lower  grade  of  symmetry  than  that  which 
their  complex  twinned  crystals  actually  simulate. 

In  regard  to  the  two  points  of  view  mentioned,  it  seems  probable  that 
internal  tension  (due  to  pressure,  sudden  cooling,  or  rapidity  of  growth,  etc.) 
can  be  safely  appealed  to  to  explain  the  anomalous  optical  character  of  many 
species,  as  diamond,  halite,  beryl,  quartz,  etc.  Again,  it  has  been  fully  proved 
that  the  later  growth  of  isomorphous  layers  of  varying  composition  may 
produce  optical  anomalies,  probably  here  also  to  be  referred  to  tension.  Alum 
is  a  striking  example.  The  peculiarities  of  this  species  were  early  investigated 
by  Biot  ana  made  by  him  the  basis  of  his  theory  of  "lamellar  polarization," 
but  the  present  explanation  is  doubtless  the  true  one.  Fig.  564  (from  Brauns) 
shows  the  appearance  in  polarized  light  of  a  section  ||  o  (111)  from  a  crystal  in 
which  the  successive  layers  have  different  composition.  Further,  according  to 
Brauns  the  optical  peculiarities  of  many  other  species  may  be  referred  to  this 
same  cause.  He  includes  here,  particularly,  those  cases  (as  with  some  garnets) 
in  which  the  optical  characters  seem  to  depend  upon  the  external  form,  as 

^i»^^_^    —  ■■  -  ■  ■  —  -  ^^^— 

♦  Crystals  showing  pseudo-symmetry  of  highly  complex  type  are  called  mimetic  cryst.'ila 
by  Tschermak. 
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noted  above.  Here  belongs  also  apophyllite,  a  sectiou  of  which  (from  Golden, 
Colo.,  by  Klein)  is  shown  in  Fig.  565.  The  section  has  been  cut  ||  c(y01> 
through  the  center  of  the  crystal  and  is  represented  as  it  appears  in  parallel 
polarized  light. 


Leucitc,  1 100. 


Another  quite  distinct  but  most  important  class  is  that  including  species 
such  aa  boracite  and  leucite,  which  are  dimorphoun  ;  that  is,  those  species 
which  at  a  certain  elevation  of  temperature  (300  for  boracite  and  500°  to  600° 
for  leucite)  become  strictly  isotropic.  Under  ordinary  conditions,  tJiese  species 
are  anisotropic,  but  the  fact  stated  makes  it  probable  that  originally  their 
crystalline  form  and  optical  characters  were  in  harmony.  The  relations  for 
leucite  deserve  to  be  more  minutely  stated. 

Leiicile  iiaually  shows  very  feeble  dmible  refrnctlon  :  at  =  l'S08.  f  =  1'509.  This 
BQomalous  double  refnictlon,  early  Doled  (Brewster,  Biol),  was  variously  eiplnlned.  In  1873, 
Rath,  on  llie  bnats  of  cnveful  measurements,  i-eferred  tbe  a<'emlL);ly  isometric  crystals  Id  ilie 
tetragonal  sysiem,  tbe  trap«xohedrai  face  119  being  tak?n  aa  111,  and  211,  121  us  421,  341, 
respeciively:  aUn  101,  Oil  as  301,  031.  Later  Weisbocb  (1880),  on  tbe  same  gniund.  made 
Ibem  orUioi'lioiiiblc:  Mallard,  howcvfir,  referred  lliom  (18781,  cliicfly  oo  optical  gronuds,  to 
tbe  munocliuic  aysteni,  nud  Fouqii£  and  LCv^  (1870)  to  the  tricliiilc.  The  true  symmetry, 
cortespouding  to  tbe  molecular  atnictiire  which  thev  pnwpss  or  tend  lo  possess  at  ordinary 
ttmperaliires,  is  in  doubt,  but  it  iiaR  been  Blmw'n  (KIMk.  Penlidd)  Ihnt  at  500°  to  600° 
sections  become  Isotropic;  and  fiirlbei  |Iti)scnbiiBch).  thai  Ihc  ininniLg  strialloiis  disapiiear 
on  beating,  to  reappear  apjAa  Id  new  poMtlrm  on  coolini;.  Sections  ordinarily  show 
twinniug-lamellffi  |  (/(llO):  In  some  cases  a  bispctrix  l-\-)  is  normal  to  what  corresponds  to 
a  cuble  fiice,  tlie  ailal  an^le  belnz  very  small.  The  structure  corrcsponils  in  <;eneml 
(Klein)  to  the  interpenetntlion  of  three  cryslnls.  In  twinrinj;  position  |  rf,  whldi  may  In- 
eijually  or  uneoually  developed;  or  there  may  he  one  fnndiimental  individual  with  inclosed 
twinninK-liHoellae.  Fig.  866  shows  a  section  of  a  crystal  (|  a,  100)  which  Is  apparently 
made  up  by  Ihe  livinning  of  three  individuals. 

Still  again,  in  a  limited  nnmber  of  cases  it  can  be  shown  that  ihe  inter- 
growth  of  himellse  having  slightly  different  crystallographic  orientation  is  the 
cause  of  the  optical  peculiarities.  Prehnite  is  a  conspicuous  example  of 
this  class. 

After  all  the  various  possible  explanations  have  been  applied  there  still 
remain,  however,  many  species  about  which  no  certain  conclusion  ran  be 
reached.  Tliis  is  true,  for  example,  of  perovskite.  To  mtmv  of  these  species 
the  theory  of  Mallard  may  probably  be  applicable.  Indeed' it  may  be  added 
that  much  difference  of  opinion  still  exists  as  to  the  cause  of  tile  "optical 
anomalies"  in  a  considerable  number  of  cases. 


CHARACTERS   DEPENDING  UPON   HEAT.  231 

Literature. 
Optical  Anomalies,* 

Brewster.  Many  papers  in  Phil.  Trans.,  1814,  1815,  and  later;  also  in  Ed.  Trans., 
Ed.  Pliil.  J.,  etc. 

Biot.  Recherches  sur  la  polarisation  lamellaire,  etc.  C.  R.,  12,  967,  1841;  13,  155, 
391,  889,  1841;  io  full  in  Mem.  de  I'Instiiut.  18,  539. 

Volger.     Monographie  des  Boracits.     Hannover.  1857. 

Marbach.  Ueber  die  opliscben  Eigenschaften  einiger  Krystalle  des  tesseralen  Systems. 
Fogg.  Ann..  94.  412,  1855. 

Ffaff.  Versucbe  Uber  den  Eiufluss  des  Drucks  auf  die  optiscben  Eigenscbaften  der 
Krystalle.     Fogg.  Ann.,  107.  333.  1859;  108.  598,  1859. 

Des  Oloizeaux.     See  references  on  p.  160. 

Reusch.  Ueber  die  sogenannte  Lamellarpolarisation  des  Alauns.  Fogg.  Ann.,  132, 
618.  18t$7. 

Rumpf.     Apopbyllite.    Min.  petr.  Mittb..  2.  869.  1870. 

Hirschwald      Leucite.     Min.  Mittb..  227,  1875. 

Lasaulz.     Tridymite.    Zs.  Kr>^8t.,  2.  253,  1878. 

MaUard.  Application  des  pbenomenes  optiqiics  anomaux  que  prcsentent  un  grand 
nombre  de  substances  cristallisees.  Annales  des  Mines  (Ann.  Min.).  10.  pp.  60-196,  1876 
(Abstract  in  Zs.  Kryst..  1,  309-820).  See  ulso  Bull.  Soc.  Min..  1.  107,  1878.  Sur  les  pro- 
prietes  optiques  des  melanges  de  substances  isomorphes  et  sur  les  anomalies  optiques  des 
cristaux.     Bull.  Soc.  Min.,  3.  8.  1880.     Also  ibid..  4,  71,  1881;  6. 144,  1882. 

Bertrand.     Numerous  papers  in  Bull.  Soc.  Min.,  1878-1882. 

Becke.     Cbabazite.     Min.  petr.  Mittb.,  2.  391,  1879. 

Banmhaner.     Ferovskite.     Zs.  Kryst..  4,  187,  1879. 

Tschermak.     *'Mimetische  Formen."    Zs.  G.  Ges..  31,  687,  1879. 

JannetUz.     Diamond.     Bull.  Soc.  Min.,  2,  124,  1879;  alum.  ibid..  2,  191;  3,  20. 

Biicking.  Ueber  durcb  Druck  bervorgeiiifene  optiscbe  Anomalien.  Zs.  G.  Ges.,  32, 
199,  1880.     Also,  Zs.  Kryst..  7.  555.  1883. 

Arzroni  and  S.  Keck.     Analcite.     Zs.  Kryst..  5.  488.  1881. 

Elocke.  Ueber  Doppelbrecbung  regulsirer  Krystalle.  Jahrb.  Min.,  1.  53,  1880  (also 
2,  97.  13  ref.;  1.  204.  1881.  and  Verb.  nat.  Ges.  Freiburg.  8,  31).  Ueber  einige  optiscbe 
Eigenscbaften  optiscb  anomaler  Krystalle  uiid  deren  NHcbabmuug  durcb  gespannte  und 
gepresste  CoUoide.     Jabrb.  Min.,  2,  249,  1881. 

O.  Klein.  Boracite.  Jahrb.  Min.,  2.  209.  1880;  1,  239,  1881;  1,  285,  1884.  Garnet. 
Nachr.  Ges.  GOttingen.  1882;  Jabrb.  Min.,  1,  87,  1883.  Apopbyllite  (influence  of  beat). 
Jabrb  Min.,  2.  105.  1892.     Garnet,  vesuvianite.  etc.     lb..  2.  68.  1895. 

W.  Klein.  Beitrage  zur  Kenntniss  der  optiscben  Aeuderungen  in  Krystallen  unter 
dem  Einflusse  der  Erwarmung.     Zs.  Kryst.,  9.  38.  1884. 

Brauns.  Die  optiscben  Anomalien  der  Krystalle.  (Freisscb rift),  Leipzig,  1891.  Also 
earlier  papers:  Jabrb.  Min.,  2.  102.  1888;  1.  96.  1885;  1.  47.  1887. 

Ben  Saude.  Beitrng  zu  einer  Tbeorie  der  Optiscben  Anomalien  der  regulstren 
Krystalle.  Lisbon.  1894.  Also  earlier:  Analcite,  Jabrb.  Min.  1,  41,  1882.  Ferovskite 
(Freisschrifl),  GOttingen,  1882. 


IV.   CHARACTERS  DEPENDING  UPON   HEAT. 

412.  The  more  important  of  the  special  properties  of  a  mineral  species  with 
respect  to  heat  include  the  following:  Fusibility;  conductivity  and  expansion, 
especially  in  their  relation  to  crystalline  structure;  change  in  optical  characters 
with  change  of  temperature;  specific  heat;  also  diathermancy,  or  the  power 
of  transmitting  radiation,  that  is,  ether-waves.     The  full  discussion  of  these 


*  A  complete  bibliography  is  given  in  the  memoir  by  Brauns  (1891).  see  below. 
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and  other  related  subjects  lies  outside  of  the  range  of  the  present  text-book. 
A  few  brief  remarks  are  made  upon  them,  and  beyond  these  reference  must  be 
made  to  text-books  on  Physics  aud  to  special  memoirs,  some  of  which  are  men- 
tioned in  the  literature  (p.  233). 

413.  Fusibility. — The  approximate  relative  fusibility  of  different  minerals 
is  an  important  character  in  distinguishing  different  species  from  one  another 
by  means  of  the  blowpipe.  For  this  purpose  a  scale  is  conveniently  used  for 
comparison,  as  explained  in  the  articles  later  devoted  to  the  blowpipe.  Accurate 
determinations  of  the  fusibility  are  difficult,  and  though  of  little  importance 
for  the  above  object,  they  are  interesting  from  a  theoretical  standpoint.  They 
have  been  attempted  by  various  authors,  for  example  by  Joly,  who  employed 
the  "meldometer"  for  this  end.  This  consisted  of  a  strip  of  platinum  in 
which  the  mineral  in  powder  was  inclosed;  it  was  heated  to  the  necessary 
point  by  an  electrical  current.  He  obtained  the  following  values  for  the 
minerals  used  in  von  KobelFs  scale  (Art.  474):  Stibnite,  525°;  natrolite,  965°; 
almandite,  1265**;  actindlite,  1296°;  orthoclase,  1175°;  brouzite,  1300°;  also 
for  quartz,  1430°. 

414.  Conductivity. — The  conducting  power  of  different  crystallized  media 
was  early  investigated  by  Senarmont.  He  covered  the  faces  of  the  substance 
under  investigation  with  wax  and  observed  the  form  of  the  figure  melted  by  a 
hot  wire  placed  in  contact  with  the  surface  at  its  middle  point.  Later  inves- 
tigations have  been  made  by  Rontgen  (who  modified  the  method  of  Senarmont), 
by  Jannettaz,  and  others.  In  general  it  is  found  that,  as  regards  their  thermal 
conductivity,  crystals  are  to  be  divided  into  the  three  classes  noted  on  p.  192. 
In  other  words,  the  conductivity  for  heat  seems  to  follow  the  same  general  laws 
as  the  propagation  of  light.  It  is  to  bo  stated,  however,  that  experiments  by 
S.  P.  Thompson  and  0.  J.  Lodge  have  shown  a  different  rate  of  conductivity  in 
tourmaline  in  the  opposite  directions  of  the  vertical  axis. 

415.  Expansion. — Expansion,  that  is,  increase  in  volume  upon  rise  of 
temperature,  is  a  nearly  universal  property  for  all  solids.  The  increment  of 
volume  for  the  unit  volume  in  passing  from  0°  to  1°  C.  is  called  the  coefficient 
of  expansion.  This  quantity  has  been  determined  for  a  number  of  species. 
Further,  the  relative  expansion  in  different  directions  is  found  to  obey  the 
43ame  laws  as  the  light-propagation.  Crystals,  as  regards  heat-expansion,  are 
thus  divided  into  the  same  three  classes  mentioned  on  p.  192  and  referred  to 
in  the  preceding  article. 

The  amount  of  expansion  varies  widely,  and,  as  shown  by  Jannettaz,  is 
influenced  particularly  by  the  cleavage.  Mitscherlich  found  that  in  calcito 
there  was  a  diminution  of  8'  37"  in  the  angle  of  the  rhombohedron  on  passing 
from  0"  to  100°  C,  the  form  thus  approaching  that  of  a  cube  as  the  tempera- 
ture increased.  The  rliombohedron  of  dolomite,  for  the  same  range  of  teni- 
])erature,  diminishes  4'  4G";  and  in  aragonite,  for  a  rise  in  temperature  from 
21°  to  100",  the  angle  of  the  prism  diminishes  2'  46".  In  some  rhombohedrons, 
as  of  calcite,  the  vertical  axis  is  lengthened  (and  the  lateral  shortened),  while 
in  others,  like  quartz,  the  reverse  is  true.  The  variation  is  such  in  both  cases 
that  the  birefringence  is  diminished  with  the  increase  of  temperature,  for 
calcite  possesses  negative  double  refraction,  and  quartz,  positive. 

It  is  to  be  noted  that  in  general  the  expansion  by  heat,  while  it  may  serve 
to  alter  the  angles  of  crystals,  other  than  those  of  the  isometric  system,  does 
not  alter  the  zone-relations  and  the  crystalline  symmetry.  In  certain  cases, 
however,  the  effect  of  heat  may  be  to  give  rise  to  twinning-lamella?  (as  in 
4inhydrite)  or  to  cause  their  disappearance  (as  in  calcite).     Rarely  heat  serves 
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to  develop  a  new  molecular  structure;  thus,  as  explained  in  Art.  411,  boracite 
and  leucite,  wbich  are  anisotropic  at  ordinary  temperatures,  become  isotropic 
when  heated,  the  former  to  300''  the  latter  to  500°  or  600°.  The  change  in 
the  optical  properties  of  crystals  produced  by  heat  has  already  been  noticed 
(Art.  404). 

416.  Specific  Heat. — Determiuations  of  the  specific  heat  of  many  minerals 
have  been  made  by  Joly,  by  Oeberg,  and  others.  Some  of  the  results  reached 
are,  as  follows  : 

Joly. 

Ouleua,  eryst.  0*0541 

Chalcopyiile  01271 

Pyriie  01306 

Hematite  01683 

Garnet,  red  cryst.  01780-01793 
Epidoie  0-1877 

417.  Diathermancy. — Besides  the  slow  molecular  propagation  of  heat  in  a 
body,  measured  by  its  thermal  conductivity,  there  is  also  to  be  considered  the 
rapid  propagation  of  what  is  called  radiant  heat  through  it  by  the  wave- 
motion  of  the  ether  which  surrounds  its  molecules.  This  is  merely  a  part  of 
the  general  subject  of  light-propagation  already  fully  discussed,  since  heat- 
waves, in  the  restricted  sense,  differ  from  light- waves  only  in  their  relatively 
greater  length.  The  degi-ee  of  absorption  exerted  by  the  body  is  measured  by 
its  diathermancy,  which  corresponds  to  transparency  in  light.  In  this  sense 
halite,  sylvite,  and  fluorite  are  highly  diathermanous,  since  they  absorb  but 
little  of  the  heat-waves  passing  through  them;  on  the  other  hand,  selenite  and, 
still  more,  alum  are  comparatively  r//A«rma?«ow5,  since  while  transparent  to  the 
short  light-waves  they  absorb  the  long  heat-waves,  transforming  the  energy 
into  that  of  sensible  heat.  Measurements  of  the  diathermancy  were  early  made 
by  Melloni,  later  by  Tyndall,  Langley,  and  others. 
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V.    CHARACTERS  DEPENDING  UPON   ELECTRICITY 

'      AND    MAGNETISM. 

1.  ELECTRICITY. 

418.  Electrical  Conductivity. — The  subject  of  the  relative  conducting  power 
of  diflferent  minerals  is  one  of  minor  interest.*  In  general  most  minerals, 
except  those  having  a  metallic  luster  among  the  sulphides  and  oxides,  are  non- 
conductors. Only  the  non-conductors  can.  show  pyro-electrical  phenomena, 
and  only  the  conductors  can  give  a  thermo-electric  current. 

419.  Frictional  Electricity. — The  development  of  an  electrical  charge  on 
many  bodies  by  friction  is  a  familiar  subject.  All  minerals  become  electric  by 
friction,  although  the  degree  to  which  this  is  manifested  differs  widely.  There 
is  no  line  of  distinction  among  minerals,  dividing  them  mto  positively  electric 
and  negatively  electric;  for  both  electrical  states  may  be  presented  by  different 
varieties  of  the  same  species,  and  by  the  same  variety  in  different  states.  The 
gems  are  in  general  positively  electric  only  when  polished;  the  diamond,  how- 
ever, exhibits  positive  electricity  whether  polished  or  not.  It  is  a  familiar  fact 
that  the  electrification  of  amber  upon  friction  was  early  observed  (600  B.  C), 
and  indeed  the  Greek  name  (f/XeKTpov)  later  gave  rise  to  the  word  electricity. 

420.  Pyro-electricity. — The  simultaneous  development  of  plus  and  minus 
charges  of  electricity  on  different  parts  of  the  same  crystal  when  its  tempera- 
ture is  suitably  changed  is  called  pyro-electricity.  Crystals  exhibiting  such 
phenomena  are  said  to  be  pyro-electric.  This  phenomenon  was  first  observed 
in  the  case  of  tourmaline,  which  is  rhombohedral-hemimorphic  in  crystalliza- 
tion, and  it  is  particularly  marked  with  crystals  belonging  to  groups  of  relatively 
low  symmetry,  especially  those  of  the  hemimorphic  type.  It  is  possible,  of 
course,  only  with  non-conductors.  This  subject  was  early  investigated  by 
Riess  and  Hose  (1843),  later  by  llankel,  also  by  C.  Friedel,  Kundt,  and  others 
(see  literature). 

In  all  cases  it  is  true  that  directions  of  like  crystal lographic  symmetry  sliow 
charges  of  like  sign,  while  unlike  directions  may  exhibit  opposite  charges. 
Substances  not  crystallized  cannot  show  pyro-electricity.  A  few  of  the  many 
possible  examples  will  serve  to  bring  out  the  most  essential  points. 

Boracite  (isometric-tetrahedral,  p.  46)  on  heating  exhibits  +  electricity  on 
one  set  of  tetrahedral  faces  and  —  electricity  on  the  other.     Cf.  Fig.  567. 

Tourmaline  (rhombohedral-hemimorphic,  p.  79)  shows  opposite  charges  ut 
the  opposite  extremities  of  the  vertical  axis  corresponding  to  its  hemimorphic 
crystallization.  In  this  and  in  other  similar  cases,  the  extremity  which 
becomes  positive  on  heating  has  been  called  the  analogoxis  pole,  and  that  wiiicU 
becomes  negative  has  been  called  the  antilogous  pole. 

Calamine  and  struvite  (orthorhombic-hemimorphic,  p.  95)  exhibit  phenom- 
ena analogous  to  these  of  tourmaline. 

Quartz  (rhombohedral-trapezohedral,  p.  82)  shows  +  electricity  on  heating 
at  the  three  alternate  prismatic  edges  and  —  electricity  at  the  three  remaining 
edges  ;  the  distribution  for  right-handed  crystals  is  opposite  to  that  of  left- 
handed.     Twins  may  exhibit  a  high  degree  of  complexity.     Cf.  Figs.  568,  569. 

Axinife  (triclinic,  p.  107),  when  heated  to  120°  or  130°,  has  an  analogous 
pole  (Riess  &  Rose)  at  the  solid  angle  rxM']  the  antilogous  pole  at  the  angle 
mr'M'  near  plane  n, 

A  very  convenient  and  simple  method  for  investigating  the  phenomena  is 

*  Ou  the  conductivity  of  minerals,  see  Beijeiinc  k.  Jb.  Min.,  Beil.-Bd.  11,  403.  1898. 
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the  following,  which  is  due  to  Kundt:  First  heat  the  crystal  or  section  care* 
fully  in  an  air-bath ;  pass  it  several  times  through  the  flame  of  an  alcohol 
lamp  and  then  place  it  on  a  little  upright  cylinder  of  brass  to  cool.  While 
cooling,  a  mixture  of  red  lead  and  sulphur  finely  pulverized  and  previously 
agitated  is  dusted  over  it  through  a  fine  cloth  from  a  suitable  bellows.    The 


667. 


668. 


669. 


positively  electrified  red  lead  collects  on  the  parts  having  a  negative  charge, 
and  the  negatively  electrified  sulphur  on  those  with  a  positive  charge.  This  is 
illustrated  by  Figs.  567-569,  and  still  better  bv  the  illustrations  given  by  Kundt 
and  others.    (Cf.  Plate  III  of  Groth,  Phys.  Kryst,  1895.) 

421.  Piezo-electricity. — The  name  piezo-eledr icily  has  been  given  to  the 
development  of  electrical  charges  on  a  crystallized  body  by  pressure.  This  ia 
shown  by  a  cleavage-mass  of  calcite,  also  by  topaz.  This  phenomenon  is  most 
interesting  where  a  relation  can  be  established  between  the  electrical  excite- 
ment and  the  molecular  structure,  as  is  conspicuously  true  with  quartz,  tour- 
maline, and  some  other  species. 

This  subject  has  been  investigated  by  Hankel,  Curie,  and  others,  and 
discussed  theoretically  by  Lord  Kelvin  (see  literature).  Hankel  has  also 
employed  the  term  actino-electricityy  or,  better,  photo-electricity,  for  the  phenom- 
enon of  calling  out  of  an  electrical  condition  by  the  infiuence  of  direct  radia- 
tion ;  fluorite  is  a  conspicuous  example. 

422.  Rontgen-rays  in  Mineralogy. — The  power  of  different  minerals  to 
transmit  the  so-called  X-rays,  or  Rontgen-rays,  emitted  from  a  suitable  vacuum- 
tube  during  the  discharge  of  an  induction-coil  has  been  investigated  by 
Doelter.*  He  has  found,  for  example,  that  sulphur,  beryl,  epidote,  pyrite,  etc.,. 
are  nearly  opaque;  tourmaline  less  so;  fluorite  transmits  the  rays  slightly,  the 
feldspars  and  quartz  better;  corundum  is  nearly  transparent  and  diamond  and 
graphite  are  highly  so.  Diamond  is  easily  distinguished  in  this  way  from  ita 
imitations,  which  are  relatively  highly  opaque. 

423.  Thermo-electricity. — The  contact  of  two  unlike  metals  in  general 
results  in  electrifying  one  of  them  positively  and  the  other  negatively.  If,, 
further,  the  point  of  contact  be  heated  while  the  other  parts,  connected  with 
a  wire,  are  kept  cool,  a  continuous  current  of  electricity — shown,  for  example^ 
by  a  suitable  galvanometer — is  set  up  at  the  expense  of  the  heat-energy  sup- 
plied. If,  on  the  other  hand,  the  point  of  junction  is  cooled,  a  current  is  set 
up  in  the  reverse  direction.  This  phenomenon  is  called  thermo-electricity y 
and  two  metals  so  connected  constitute  a  thermo-electric  couple.  Further  it 
is  found  that  different  conductors  can  be  arranged  in  order  in  a  table — a  so- 


♦  Jb.  Min.,  2,  87,  1896;  1.  266,  1897.    Also  Goodwiu,  Nature,  April  30,  1896. 
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called  thermo-electric  series — according  to  the  direction  of  the  current  set  up 
on  heating  and  according  to  the  electromotive  force  of  this  current.  Among 
the  metals,  bismuth  (-[-)  and  antimony  (— )  stand  at  the  opposite  ends  of  the 
series;  the  current  passes  through  tne  connecting  wire  from  antimony  to 
bismuth. 

This  subject  is  so  far  important  for  mineralogy,  as  it  was  shown  by  Bunsen 
that  the  natural  metallic  sulphides  stand  farther  off  in  the  series  than  bismuth 
and  antimony,  and  consequently  by  them  a  higher  electromotive  force   is 

S reduced.  The  thermo-electrical  relations  of  a  large  number  of  minerals  were 
etermined  by  Flight. 
It  was  early  observed  that  some  minerals  have  varieties  which  are  both  + 
and  — .  Rose  attempted  to  establish  a  relation  between  the  plus  and  minus 
pyritohedral  forms  of  pyrite  and  cobaltite,  and  the  positive  or  negative  thermo- 
^lectrical  character.  Later  investigations  by  Schrauf  and  Dana  have  shown, 
however,  that  the  same  peculiarity  belongs  also  to  glaucodot,  tetradymite, 
4Bkutterudite,  danaite,  and  other  minerals,  and  it  is  demonstrated  by  them  that 
it  cannot  be  dependent  upon  crystalline  form,  but  rather  upon  chemical 
composition. 

Literature.* 

lifvo  electricity,  etc. 

Rose.     Tourmaline.     Pogg.  Ann.,  39,  285,  1886. 

RiesB  and  Rose.     Pogg.  Ann..  69,  858,  1848;  61,  659,  1844. 

Kobell.     Pogg.  Ann.,  118,  594,  1868. 

Hankel.    Pogg.  Ann.,  49,  498;  60,  287,  1840;  61,  281,  1844.     Many  important  papers 
In  Abbandl.  E.  Sachs.  Ges..   1865  and  later;   also  Wied.   Ann.,   2,  66,   1877;  11,   269 
1880,  etc. 

J.  and  P.  Curie.     0.  K.,  91,  294.  888,  1880;  92,  186.  850.  1881;  93,  204,  1882. 

Kundt.    Ber.  Ak.  Berlin,  421,  1883:  Wied.  Ann.,  20,  592,  1898. 

Kolenko.     Quartz.     Zs.  Kr.,  9.  1,  1884. 

O.  Friedel.     Sphalerite,  etc.     Bull.  Soc.  Min.,  2,  31,  1879. 

O.  Friedel  and  Curie.     Sphalerite,  boracite.     Bull.  Soc.  Min.,  6,  191,  1883. 

Mack.    Boracite.     Zs.  Kr..  8,  503.  1888. 

Voigt.     Abhaudl.  Ges  G5ttingen,  36,  99,  1890. 

Kelvin      Phil.  Mag..  36.  831,  458.  1893. 

O.  8.  Schmidt.     Photo-electricity  of  fluorite.     Wied.  Ann.,  62,  407,  1897. 

thermoelectricity. 

Marbach.     C.  R.,  45.  705,  1857. 

Hansen.     Pogg.  Ann.,  123,  505.  1864. 

Friedel.     Ann.  Cb.  Phys.,  17.  79.  1869;  C.  R..  78,  508,  1874. 

Rose.     Pyrite  aud  cobaltite.     Pogg.  Ann..  142,  1,  1871. 

Schrauf  aud  B.  8.  Dana.     Ber.  Ak.  Wien,  69  (1).  142,  1874;  Am.  J.  Sc,  8,  255.  1874. 

2.  Magnetism. 

424.  Magnetic  Minerals.  Natural  Magnets  —A  few  minerals  in  their  natural 
state  are  capable  of  being  attracted  by  a  strong  steel  magnet;  they  are  said  to 
be  magnetic.  This  is  conspicuously  true  of  magnetite,  the  magnetic  oxide  of 
iron;  also  of  pyrrhotite  or  magnetic  pyrites,  and  of  some  varieties  of  native 
platinum  (especially  the  variety  called  iron-platinum). 

A  number  of  other  minerals,  as  hematite,  franklinite,  etc.,  are  in  some 
ca^es  attracted  by  a  steel  magnet,  but  probably  in  most  if  not  all  cases  because 

♦  See  Liebisch,  Phys.  KrystaUograpbie,  1891,  for  a  full  discussion  of  the  topics  briefly 
touched  upon  in  the  preceding  pages,  also  for  references  to  original  articles. 
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of  admixed  magnetite  (but  see  Art.  426).  Occasional  varieties  of  the  three* 
minerals  mentioned  above^  as  the  lodestone  variety  of  magnetite,  exhibit  them- 
selves the  attracting  power  and  polarity  of  a  true  magnet.  They  are  then 
called  natiiral  magnets.  In  sucn  cases  the  magnetic  polarity  has  probably 
been  derived  from  the  inductive  action  of  the  earth,  which  is  itself  a  huge 
magnet. 

425.  Paramagnetism.  Diamagnetism. — In  a  very  strong  magnetic  field,  as 
that  between  the  poles  of  a  very  powerful  electromagnet,  all  minerals,  aa 
indeed  all  other  substances,  are  influenced  by  the  magnetic  force.  According 
to  their  behavior  they  are  divided  into  two  classes,  the  paramagnetic  and 
diamagnetic;  those  of  the  former  appear  to  be  attracted,  those  of  the  latter  ta 
be  repelled.  For  purposes  of  experiment  the  substance  in  question,  in  the  form 
of  a  rod,  is  suspended  on  a  horizontal  axis  between  the  poles  of  the  magnet. 
If  paramagnetic,  it  takes  a  position  parallel  to  the  magnetic  axis ;  if  diamagnetic,. 
it  sets  transversely  to  it.  Iron,  cobalt,  nickel,  manganese,  platinum  are 
paramagnetic;  silver,  copper,  bismuth  are  diamagnetic.  Among  minerals 
compounds  of  iron  are  paramagnetic,  as  siderite,  also  diopside;  further  beryl, 
dioptase.     Diamagnetic  species  include  calcite,  zircon,  wulfenite,  etc. 

By  the  use  of  a  sphere  it  is  possible  to  determine  the  relative  amount  of 
magnetic  induction  in  different  directions  of  the  same  substance.  Experiment 
has  shown  that  in  isometric  crystals  the  ma^etic  induction  is  alike  in  all 
directions;  in  those  optically  uniaxial,  that  there  is  a  direction  of  maximum 
and,  normal  to  it,  one  of  minimum  magnetic  induction;  in  biaxial  crystals,, 
that  there  are  three  unequal  magnetic  axes,  the  position  of  which  may  bo 
determined.  In  other  words,  the  magnetic  relations  of  the  three  classes  of 
crystals  are  analogous  to  their  optical  relations. 

426.  Corresponding  to  the  facts  just  stated,  that  all  compounds  of  iron  are 
paramagnetic,  it  is  found  that  a  sufficiently  powerful  electromagnet  attracts 
all  minerals  containing  iron,  though  except  in  the  cases  given  in  Art.  424  a 
bar  magnet  has  no  sensible  influence  upon  them;  hence  the  efficiency  of  the 
electromagnetic  method  of  separating  ores. 

Plucker*  determined  the  magnetic  attraction  of  a  number  of  substances 
compared  with  iron  taken  as  100,000.  For  example,  for  magnetite  he  obtained 
40,227;  for  hematite,  crystallized,  633,  massive,  134;  limonite,  71;  pyrite,  150. 

Literature. 

Magnetism, 

PWcker.  Pogg.  Add..  72,  815,  1847;  76,  576.  1849;  77,  447,  1849;  78,  427,  1849;  86^ 
1,  1852. 

Pmckerand  Beer.     Pogg.  Ann.,  81.  115.  1850;  82,  42,  1852. 

Faraday.  Phil.  Trans.,  1849-1857,  and  Experimental  Researches,  Seiies  XXII.,. 
XXVI..  XXX. 

W.  Thomson  (Lord  Kelvin).  Theory  of  Magnetic  Induction.  Brit.  Assoc.  1850,  pt.  2,. 
28;  Phil.  Mag.,  1.  177. 1851.  etc.   Reprint  of  Papers  on  Electrostatics  and  Magnetism.  1872. 

TyndaU.  Phil.  Mag..  2,  165,  1851;  10,  153,  257,  1855;  11.  125,  1856;  Phil.  Trans.. 
1855.1.     Researches  on  diamagnetism  and  magne-crystallic  action.     London   1870. 

Knoblauch  and  T3rndall.  Pogg.  Ann.,  79,  233;  81,  481,  1850  (Phil.  Mag.,  36,  37, 
1850). 

Rowland  and  Jacques.     Bismuth,  Calcite.     Am.  J.  Sc,  18,  860,  1879. 

Tumlirz.     Quartz.     Wied.  Ann.,  27,  133,  1886. 

Eoenig.     Wied.  Ann..  31,  278,  1887. 

Stenger.    Calcite.    Wied.  Ann.,  20,  804,  1888;  36,  831,  1888. 

♦  Pogg.  Ann.,  74,  348. 1848. 


238  PHYSICAL   UINEBALOOT. 


VI.  TASTE  AND  ODOR. 

In  their  action  upon  the  senses  a  few  minerals  possess  taste,  and  others 
under  some  circumstances  give  off  odor. 

427.  Taste  belongs  only  to  soluble  minerals.  The  different  kinds  of  taste 
adopted  for  reference  are  as  follows: 

1.  Astringent:  the  taste  of  vitriol. 

2.  Sweetish  astringent :  taste  of  alum. 

3.  Saline :  taste  of  common  salt. 

4.  Alkaline:  taste  of  soda. 

5.  Cooling :  taste  of  saltpeter. 

6.  Bitter:  taste  of  Epsom  salts. 

7.  Sour :  taste  of  sulphuric  acid. 

428.  Odor. — Excepting  a  few  gaseous  and  soluble  species,  minerals  in  the 
dry  unchanged  state  do  not  give  off  odor.  By  friction,  moistening  with  the 
breath,  and  the  elimination  of  some  volatile  ingredient  by  heat  or  acids,  odors 
are  sometimes  obtained  which  are  thus  designated: 

1.  Alliaceous:  the  odor  of  garlic.  Friction  of  arsenical  iron  elicits  this 
odor;  it  may  also  be  obtained  from  arsenical  compounds  by  means  of  heat. 

2.  Horse-radish  odor:  the  odor  of  decaying  horse-radish.  This  odor  is 
strongly  perceived  when  the  ores  of  selenium  are  heated. 

3.  Sulphurous :  friction  elicits  this  odor  from  pyrite,  and  heat  from  many 
sulphides. 

4.  Bituminous:  the  odor  of  bitumen. 

5.  Fetid :  the  odor  of  sulphureted  hydrogen  or  rotten  eggs.  It  is  elicited 
by  friction  from  some  varieties  of  quartz  and  limestone. 

6.  Argillaceous :  the  odor  of  moistened  clay.  It  is  obtained  from  serpent- 
ine and  some  allied  minerals,  after  moistening  them  with  the  breath ;  others, 
as  pyrargillite,  afford  it  when  heated. 

429.  Feel. — ^The  feel  is  a  character  which  is  occasionally  of  some  import- 
ance; it  is  said  to  be  smooth  (sepiolite),  ^retw^  (talc),  harsh,  or  meager,  etc. 
Some  minerals,  in  consequence  oi  their  hygroscopic  character,  adhere  to  the 
tongue  when  brought  in  contact  with  it. 
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GENERAL  PRINCIPLES  OF  CHEMISTRY  AS  APPLIED 

TO  MINERALS. 

430.  Minerals,  as  regards  their  chemical  constitution,  are  either  the 
uncombined  elements  in  a  native  state,  or  definite  compounds  of  these  elements 
formed  in  accordance  with  chemical  laws.  It  is  the  object  of  Chemical  Min- 
eralogy  to  determine  the  chemical  composition  of  each  species;  to  show  the 
chemical  relations  of  different  species  to  each  other  where  such  exist;  and  also 
to  explain  the  methods  of  distinguishing  different  minerals  by  chemical  means. 
It  thus  embraces  the  most  important  part  of  Determinative  Mineralogy. 

In  order  to  understand  the  chemical  constitution  of  minerals,  some  knowl- 
edge of  the  fundamental  principles  of  Chemical  Philosophy  is  required;  and 
these  are  here  briefly  recapitulated. 

431.  Chemical  Elements. — Chemistry  recognizes  about  seventy  substances 
which  cannot  be  decomposed,  or  divided  into  others,  by  any  process  of 
analysis  at  present  known;  these  substances  are  called  the  chemical  elements, 
A  list  of  them  is  given  in  a  later  article  (436);  common  examples  are: 
Oxygen,  nitrogen,  hydrogen,  chlorine,  gold,  silver,  sodium,  etc. 

432.  Atom.  Molecule. — The  study  of  the  chemical  properties  of  substances 
and  of  the  laws  governing  their  formation  has  led  to  the  belief  that  there  is 
for  each  element  a  definite,  indivisible  mass,  which  is  the  smallest  particle 
which  can  play  a  part  in  chemical  reactions;  this  indivisible  unit  is  called  the 
atom. 

With  some  rare  exceptions,  the  atom  cannot  exist  alone,  but  unites  by  the 
action  of  what  is  called  chemical  force,  or  chemical  affinity,  with  other  atoms 
of  the  same  or  different  kind  to  form  the  molecule.  The  molecule,  in  the 
chemical  sense,  may  be  defined  as  the  smallest  particle  into  which  a  given 
kind  of  substance  can  be  subdivided  without  undergoing  chemical  decomposi- 
tion. For  example,  two  atoms  of  hydrogen  unite  to  form  a  molecule  of 
hydrogen  gas.  Again,  one  atom  of  hydrogen  and  one  of  chlorine  form  a  mole- 
cule of  hydrochloric  acid  gas;  two  atoms  of  hydrogen  and  one  of  sulphur  form 
a  molecule  of  the  gas  hydrogen  sulphide. 

433.  Physical  Molecules. — An  important  distinction  must  be  made  between 
the  simple  chemical  molecules,  regarded  as  made  up  of  the  smallest  possible 
number  of  the  atoms  of  each  kind,  united  in  the  given  proportion,  and  the 
actual  physical  molecules  which  together  build  up  the  structure  of  a  particular 
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Sa 

Sc 

Tb 
Tm 


240 

mass  of  matter.     These 
beiug  mode  up  of  a  nur 
the  respective  atoms  in 
possible  to  determine  t] 
out  in  the  case  of  liquid 

For  example,  it  is  c« 
atoms  of  hydrogen  and 
unite  to  build  up  a  sn 
elements  hydrogen  and 
as  if  made  up  of  many  | 
case  of  solids  to  fix  the  < 
to  regard  it  as  a  chemici 

434.  Atomic  Weight 
better  expressed,  the  ir 
hydrogen  taken  as  the 
nearly  sixteen  times  tha 
this  number  is  called  thi 
the  relation  between  tli 
here  to  speak;  the  resc 
p.  241. 

436.  Symbol.  Fonii| 
letters,  often  of  its  Latil 
chemical  notation  the  c< 
it  enters.  Thus  0  is  t 
Fe  (from  ferrum)  of  ill 
symbol  is  always  undei 
element  expressed  by  i 
atom.  If  twice  this  qu 
by  a  small  subscript  m 
Sb,S,  means  a  compon 
sulphur,  or  of  3  X  120  ] 

This  expression,  SbJ 
it  expresses  in  briefest 
mineral  albite  is  NaAlS 

Strictly  speaking,  sii 
express  only  the  actual 
atoms  of  each  element 
constitution.     A  fornni' 
rational,  structural,  or  c 

436.  Table  of  the  £ 
definitely  established  e 
atomic  weights.* 

Of  the  elements  gi' 
small  number,  say  twel 
the  earth  and  the  watei 
cerned  in  the  compositic 

iron,  calcium,  magnesiui^.,  ,  ^  ,  ^ 

present  in  water,  nitrogen  in  the  air,  and  carbon  in  all  animal  and  vegetable 
substances.  Only  a  very  few  of  the  elements  occur  as  such  in  nature,  as 
native  gold,  native  silver,  native  sulphur,  etc. 


l-Cerium  Ce 

S^Dysprosium  Dy 

3-ErbluiD  Er 

4-ETiropilum  Eu 

o-GadoliniuiR  Gd 

e-HolTTium  Ho 

7-LatithaiiuiD  La 

S-LutaoluiD  Lu 

9-UeodyiDixiin  Fe 

lO-Prasaodymiiim  Pr 
ll-Samarlum 

12-Scaiidii2in 
13-Terbitml 

14-Thuliuin 

15-Ytt6rbluin  Yb 

16-  YttriTUD  Yt 


140.25 
162.5 
167.7 
152.0 

157.3 
163.5 
139.0 

175.0 
144.3 

140.9 
150.4 

45.1 
159.2 
169.9 

173.5 
69.3 


U.S.G.S.Bull.    728, p.    728. 


♦  These  correspond  in  value  to  those  commonly  accepted,  and  are  given  accurate  to  one 

lical  sense  the  atomic  weight  of  oxygen  is  15*96,  etc. 


decimal  place.    In  strict  chemical 
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Of  the  elements,  oxygen,  hydrogen,  nitrogen,  chlorine,  and  fluorine  are 
gases;  bromine  is  a  volatile  liquid;  mercury  is  also  a  liquid,  but  the  others 
are  solids  under  ordinary  conditions. 

Syml 
Aluminium,  Aluminum    Al 
Autimony  {Stibium) 
Argon 
Arsenic 
Barium 
Beryllium 
Bismuth 
Boron 
Bromine 
Cadmium 
Caesium 
Calcium 
Carbon 
Cerium 
Chlorine 
Chromium 
Cobalt 

Columbium,  see  Niobium. 
Copper  (Cuprum) 
Didymium 
Erbium 
Fluorine 
Gallium 
Germanium 

Olucinum,  see  Beryllium. 
Gold  (Aurum) 
Helium 
Hydrogen 
Indium 
Iodine 
Iridium 
Iron  (FmTum) 
Lanthanum 
Lead  (Plumbum) 
Lithium 
Magnesium 

437.  Metals  and  Non-metals. — The  elements  may  be  divided  into  two  mor& 
or  less  distinct  classes,  the  metals  and  the  non-metals.  Between  the  two  lie  a 
number  of  elements  sometimes  called  the  semi-metals.  The  7netals,  as  gold, 
silver,  iron,  sodium,  are  those  elements  which, physicalli/  described,  possess  to  a 
more  or  less  perfect  degree  the  fundamental  characters  of  the  ideal  metal,  viz.  r 
malleability,  metallic  luster  (and  opacity  to  light),  conductivity  for  heat  and 
electricity;  moreover,  chemically  described,  they  commonly  play  the  part  of 
the  positive  or  basic  element  in  a  simple  compound,  as  later  defined  (Arts. 
446-449).  The  non-meials,  as  sulphur,  carbon,  silicon,  etc.,  also  the  gases,  as 
oxygen,  chlorine,  etc.,  have  none  of  the  physical  characters  alluded  to:  they 
are,  if  solids,  brittle,  often  transparent  to  light-radiation,  are  poor  conductors 
for  heat  and  electricity.  Chemically  expressed,  they  usually  play  the  negative 
or  acid  part  in  a  simple  compound. 

.  The  so-called  senii-meials,  or  metalloids,  include  certain  elements,  as 
tellurium,  arsenic,  antimony,  bismuth,  which  have  the  physical  characters  of 
a  metal  to  a  less  perfect  degree  {e.g.,  they  are  more  or  less  brittle);  and,  more 
important  than  this,  they  often  play  the  part  of  the  acidic  element  in  the 
compound  into  which  they  enter.    These  points  are  illustrated  later. 


^mbol. 

At.  Weight.   , 

Symbol. 

At.  Weight. 

Al 

27             ' 

Manganese 

Mn 

548 

Sb 

120             1 

Mercury  (Hydrargyrum) 

Hg 

199-8 

A 

39  9 

Molybdenum 
Nickel 

Mo 

96 

As 

74-9 

Nl 

58-6 

Ba 

137 

Niobium 

Nb 

93-7 

Be(orGl)    91        i 

Nitrogen 

N 

14 

Bi 

207-5 

Osmium 

Os 

191 

B 

10-9 

Oxygen 

0 

16 

Br 

79-8 

Pulludium 

Pd 

106  2 

Cd 

111-7 

Phosphorus 

P 

31 

Cs 

58-7 

Platinum 

Pt 

194-3 

Ca 

89-9 

Potassium  (Kalium) 

K 

89 

C 

12 

Rhodium 

Rh 

104-1 

Ce 

141 

Rubidium 

Rb 

85-2 

CI 

85-4 

Ruthenium 

Ru 

103-5 

Cr 

52-5 

Scandium 

Sc 

,      44 

Co 

58-7 

Selenium 

Se 

78  9 

Silicon 

Si 

28 

Cu 

632 

Silver  (Argentum) 

Ag 

107-7 

Di 

142 

Sodium  (Natrium) 

Na 

23 

Er 

166 

Strontium 

Sr 

87 -a. 

F 

191 

Sulphur 

S 

32 

Ga 

69-9 

Tantalum 

Ta 

182 

Ge 

73-3 

Tellurium 

Te 

125 

Thallium 

Tl 

203-7 

Au 

196-7 

Thorium 

Th 

232 

He 

4-4 

Tin  (Stannum) 

Sn 

117-4 

H 

1          i 

)  Titanium 

Ti 

48 

In 

118-4 

Tungsten  ( Wofframium) 

W 

183-6' 

I 

1265 

Uranium 

U 

240  •    - 

Ir 

192-5 

Vanadium 

V 

51-1 

Pe 

55-9 

Ytterbium 

Yt 

172 -ft* 

Ta 

138 

Yttrium 

Y 

89 

Pb 

206  4 

Zinc 

Zn 

65-1 

LI 

MfiT 

7 
24 

Zirconium 

Zr 

90-4 
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It  19  to  be  Ttndenlboiod  thmt  iht  distzaetsoBS  bctngcii  tlie  claeges  of  ihtt 
elemenu  named  ea&noc  be  Terj  tharplj  ^plkd.  Thss  the  crpicol  mecallie 
ebaracten  mentiooed  sre  pci«Mne<i  to  a  Terr  an€<|BaI  degree  bj  nbe  dilfereiit 
cnhifitancea  cbaoed  as  metals;  for  example,  bj  fiirer  and  cm.  Corr«i§po]i*iing  to 
tbu  a  nainoer  of  the  true  metaij,  at  tin  and  mangancae^jplaj  the  pc&n  ^jf  an  aeid 

m  no  merotu  aalu.  Forther,  the  mineral  magnetite,  FeFe,0^,  is  often  described 
as  an  iron  ferrfff^;  §o  that  in  thk  compoiuui  the  sune  element  woold  plaj  the 
part  of  both  acid  and  base. 

438.  Pantnre  aad  McgatiTe  Flimiifa — ^It  is  oommon  to  make  a  distizietioii 
between  the  electrr^-posiiivt  and  electro^Hegatin  element  in  a  compound.  The 
iMuaage  of  a  infficientlj  ftrong  electrical  current  throogh  a  chemical  compoand 
in  man  J  cases  results  m  its  decomposition  (or  electrolTsis)  inco  \i&  elements  or 
parts.  In  mch  cases  it  is  found  that  for  each  compoand  the  atoms  of  ooe 
element  collect  at  the  negatire  pole  (the  cathode)  and  those  of  the  ocher  at  the 
positire  pole  (the  anode).  The  former  is  called  the  electro-positive  element 
and  the  fatter  the  electro-n^atire  element.  Thas  in  the  electroljsis  of  vater 
(11,0)  the  hydrogen  collects  at  the  cathode  and  is  hence  called  positire,  and 
the  oxjgen  at  the  anode  and  is  called  negatire.    Similarij,  in  hydrochloric  acid 

JHCl)  the  hydrogen  is  thns  shown  to  be  positire,  the  chlorine  n^ative.  This 
listinction  is  also  carried  to  complex  compounds,  as  copper  solpkite  ^CnSOj, 
which  by  electrolysis  is  broken  into  Cn,  which  is  foond  to  be  electro-positiTe, 
and  80^  (the  last' separates  into  SO,,  forming  H  S0«  and  free  oxygen). 

For  reasons  which  will  be  explained  later,  the  poeitire  element  is  said  to 
play  the  basic  part,  the  neeatire  the  acidic  The  metals,  as  already  stated,  in 
most  cases  belong  to  the  former  class,  the  non-metals  to  the  latter,  while  the 
semi-metals  may  play  both  parts. 

It  is  common  in  writing  the  formula  to  pat  the  positire  or  basic  element 
first,  thus  11,0,  n,S,  IlCl,  11,80  ,  8b,8  ,  As,Oj,  AsH,,  XiSb.  FeA^.  Here 
it  will  be  note^J  that  antimony  (8b)  and  arHenic  (As)  are  positire  in  some  of 
the  c^>mf>oundH  named  but  negative  in  the  others. 

439.  Periodic  Law.— In  order  to  understand  the  relations  of  the  chief 
classcM  of  chemical  compounds  re|ireiM5nU;d  among  minerals,  as  still  more  their 
further  gubdivinion,  down  finally  Ut  the  many  is f/morphou s  ff ran jis— groups  of 
spocieH  having  analo^ouM  composition  and  closely  similar  form,  as  explained  in 
Art.  466 — the  fundamental  relations  and  grouping  of  the  elements  must  be 
undernt/Kxl,  eHpfjf^ially  as  develofHjd  of  recent  years  and  shown  in  the  so-called 
Periodic  Law.* 

Although  tlie  subject  can  be  only  briefly  touched  upon,  it  will  be  useful  to 
give  here  the  general  distribution  of  the  elements  into  Groups  and  Series,  as 
prewjnted  in  the  Principles  of  (yhemistry  (Engl.  Ed.,  1891)  of  D.  Mendeleeff, 
to  whom  is  due  more  than  any  one  else  the  development  of  the  Perioilic  Law. 
A  few  remarks  are  added  on  the  grouping  of  the  elements  as  illustrated  by 
mineral  compounds;  artificial  compounds  show  these  relations  still  more  fully 
and  filoarly.  P'or  the  thorough  explanation  of  this  subject,  more  particularly 
as  regards  the  periodic  or  progressive  relation  between  the  atomic  weights  and 
various  properties  of  the  elements,  the  reader  is  referred  to  the  work  above 
mentioned  or  to  one  of  the  many  other  excellent  modern  text-books  of 
chemistry. 

The  relations  of  some  of  the  elements  of  the  first  group  are  exhibited  by 
the  isomor[)hi8m  (see  Art.  466,  also  the  description  of  the  various  groups  and 
Species  hero  referred  to,  which  are  given  in  Part  IV  of  this  work)  of  NaCl, 
KCI,  AgCl;  or  again  of  LiMnPO^  and  NaMnPO^,  etc.     In  the  second  group, 

♦  The  rcliitloiii  here  brought  out  are  importunt,  even  if  the  validity  of  the  Periodic  Law 
it  lets  gotioral  thau  bat  been  >uppoHed. 
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Groups  .     .    . 

I 

II 

1 

III 

1 
IV        V 

1 

VI 

VII 

VllI 

Series  1  .    .    . 

H 

— 

RH4     RH, 

RH, 

RU 

Hydrogen  Compounds. 

"     2  . 

Li 

Be 

B 

C 

N 

0 

P 

*•     8  .    . 

Na 

Mg 

Al 

Si 

P 

S 

CI 

^'     4  .    . 

E 

Ca 

Se 

Ti 

V 

Cr 

Mn 

Fe    Co    Ni    Cu 

•'     5  .    . 

(Cu) 

Zd 

6a 

6e 

As 

Se 

Br 

^'     6  .    , 

Rb 

8r 

Y 

Zr 

Nb 

Mo 

— 

Ru    Rh    Pb    Ag 

-"     7  .    . 

Ag 

Cd 

In 

On 

Sb 

Te 

I 

-•     8  .    . 

Cs 

Ba 

La 

Ce 

Di? 

— 

— 

'•     9  .    , 

— 

^■^ 

— 

— 

— 

•^ 

— 

^*   10  .    . 
^'  11  .     . 
^'  12  .    . 

Au 
i^7 

.^1 

Yb  , 
Tl 

iJ^^V 

f..^ 

U 

— 

Os    Ir    Pt    Ag 

R,0 

R.O. 

R,0, 

R,04    R,0. 

R.O. 

R,Ot 

Higher  Oxides 

RO 

RO, 

RO, 

RO4 

reference  may  be  made  to  the  isomorphism  of  the  carbonates  and  sulphates 
Ip.  250)  of  calcium,  barium,  and  strontium;  while  among  the  sulphides,  ZnS, 
<)aS,  and  HgS  are  doubly  related.  In  the  third  group,  we  find  boron  and 
aluminium  oiten  replacing  one  another  among  silicates.  In  the  fourth  group, 
the  relations  of  silicon  and  titanium  are  shown  in  the  titano-silicates,  while 
the  compounds  TiO,,  SnO,,  PbO,  (and  MnOJ,  also  ZrSiO  and  ThSiO,,  have 
closely  similar  form.  In  the  fifth  group,  many  compounds  of  arsenic,  antimony, 
and  bismuth  are  isomorphous  among  metallic  compounds,  while  the  relations 
of  phosphorus,  vanadium,  arsenic,  also  antimony,  are  shown  among  the 
phosphates,  vanadates,  arsenates,  and  antimonates;  again  the  mutual  relations 
of  the  niobates  and  tantalates  are  to  be  noted. 

In  the  sixth  gi'oup,  the  strongly  acidic  elements,  sulphur,  selenium, 
tellurium,  are  all  closely  related,  as  seen  in  many  sulphides,  selenides,  tellurides; 
further,  the  relations  of  sulphur  and  chromium,  and  similarly  of  both  of  these 
to  molybdenum  and  tungsten,  are  shown  among  many  artificial  sulphates, 
ohromates,  molybdates,  and  tungstates. 

In  the  seventh  group  the  relations  of  the  halogens  are  too  well  undei*8tood 
to  need  special  remark.  In  the  eighth  group,  we  have  Fe,  Co,  Ni  alloyed  in 
meteoric  iron,  and  their  phosphates  and  sulphates  are  in  several  cases  closely 
isomorphous;  further,  the  relation  of  the  iron  series  to  that  of  the  platinum 
series  is  exhibited  in  the  isomorphism  of  FeS,,  FeAsS,  FeAs,,  etc.,  with  PtAs, 
and  probably  RuS,. 

440.  Combining  Weight. — Chemical  investigation  proves  that  the  mass  of 
a  given  element  entering  into  a  compound  is  always  proportional  either  to  its 
atomic  weight  or  to  some  simple  multiple  of  this;  the  atomic  weight  is  hence 
also  called  the  combining  weight.  Thus  in  rock  salt,  sodium  chloride,  the 
masses  involved  of  sodium  and  chlorine  present  are  found  by  analysis  to  be 
equal  to  39*4  and  60*6  in  100  parts,  and  these  numbers  arc  in  proportion  to 
%Z  ;  35*4,  the  atomic  weights  of  sodium  and  chlorine;  hence  it  is  concluded 
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that  one  atom  of  each  is  present  in  the  compound.  The  formula  is,  therefore, 
NaCl.  In  calcium  chloride,  by  the  same  method  the  masses  present  are  found 
to  be  proportional  to  39*9  :  70*8,  that  is,  to  39*9  =  2  X  35*4;  hence  the  formula 
is  CaCl,. 

Still  agaiu.  a  series  of  compounds  of  nitrogeD  with  oxygen  is  known  in  which  the  i*atio» 
of  the  masses  of  the  two  elements  are  as  follows:  (1)  28: 16,  (2)  14: 16.  (8)  28:48,  (4)  14:32, 
(5)  28 :  80.  It  is  seen  at  once  that  these  must  have  the  formulas  (1)  N,0.  (2)  NO,  (3)  NaOs» 
(4)  NOt,  (5)  NtOft.  On  the  contrary,  atmospheric  air  which  contains  these  elcmeuis  in 
about  the  ratio  of  76*8  to  23*2  cannot  be  a  chemical  compound  of  these  elements,  since 
(aside  from  other  considerations)  these  uumbera  are  not  in  the  ratio  of  n  X  14  :  m :  16  where 
n  and  m  are  simple  whole  numbers. 

..  441.  M^ecolar  Weight. — The  molecular  weight  is  the  weight  of  the  mole- 
cule of  the  given  substance,  expressed  in  terms  of  the  mass  of  the  hydrogen 
atom  as  unit.  The  molecular  weight  of  hydrogen  is  2  because  the  molecule 
can  be  shown  to  consist  of  two  atoms.  The  molecular  weight  of  hydrochloric 
acid  (HCl)  is  36*4,  of  water  vapor  (H,0)  it  is  18,  of  hydrogen  sulphide  (H,S) 
it  is  34. 

Since,  according  to  the  law  of  Avagadro,  like  volumes  of  different  gases 
under  like  conditions  as  to  temperature  and  pressure  contain  the  same  number 
of  molecules,  it  is  obvious  that  the  molecular  weight  of  substances  in  the  form 
of  gas  can  be  derived  directly  from  the  relative  density  or  specific  gravity. 
If  the  density  is  referred  to  hydrogen,  whose  molecular  weight  is  2,  it  will 
be  always  true  that  the  molecular  weight  is  twice  the  density  in  the  state  of  a 
gas  and  vice  versa.  Thus  the  observed  density  of  carbon  dioxide  (CO  J  is  22^ 
hence  its  molecular  weight  must  be  44.  It  is  this  principle  that  makes  it 
possible  in  the  case  of  a  gas  to  fix  the  constitution  of  the  molecule  when  the 
ratio  in  number  of  the  atoms  entering  into  it  has  been  determined  by  analysis^ 
In  the  case  of  solids,  where  the  constitution  of  the  molecule  in  general  cannot 
be  fixed,  it  is  best,  as  already  stated,  to  write  the  molecular  formula  in  its 
simplest  form,  as  NaAlSi,0.  for  albite.  The  sum  of  the  weights  of  the  atoms 
present  is  then  taken  as  the  molecular  weight. 

442.  Valence. — The  valence  of  an  element  is  given  by  the  number  of  its 
atoms  which  are  required  to  unite  with  one  unit  atom,  as  of  hydrogen  or 
chlorine.  Thus,  using  the  examples  of  Art.  440,  in  NaCl,  since  one  atom  of 
sodium  unites  with  one  of  chlorine,  its  valence  is  one;  or  in  other  words,  it  is 
said  to  be  univalenty  and  is  called  a  monad.  Further,  calcium  (as  in  CaClJ, 
also  barium,  etc.,  are  bivalent;  gold  is  (usually)  trivalent;  tin  is  tetravalent, 
etc.  The  valence  may  be  expressed  by  the  number  of  bonds  by  which  one 
element  in  a  compound  is  united  to  another,  thus: 

Na-Cl,  Ba=Cl,,  Au=Cl„  Sn^Cl,,  etc. 

The  valences  of  the  common  elements,  expressed  by  their  symbols,  are 
as  follows : 

Univalent:  H,  CI,  Br,  I,  F;  Li,  Na,  K,  Rb,  Cs,  Ag. 

Bivalent:  0,  S,  Se,  Te;  Be,  Mg,  Ca,  Sr,  Ba,  Pb,  Ug,  Cu,  Zn,  Co,  Ni. 

Trivalent :  B,  An ;  probably  also  Al,  Fe,  Mn,  Cr. 

Tetravalent :  C,  Si,  Ti,  Zr,  Sn. 

Pentavalent:  N,  P,  As,  Sb,  V,  Bi,  Nb,  Ta. 

The  above  list,  though  convenient  for  reference,  is  not  to  be  taken  as  com- 
plete or  final.  A  considerable  number  of  the  elements  show  a  different  valence 
indifferent  compounds.  Thus  both  Sb,0,  and  Sb,0,  are  known;  also  FeS,. 
Fe,0.  and  FeS,;  Cu,Cl„  CuCl,,  and  similarly  Cu,S(Cu,0)  and  CuS(CuO), 
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etc.  In  certain  cases  the  composition  of  two  compounds  of  the  same  elements 
may  be  made  consistent  with  each  other,  by  an  assamption  as  to  the  possible 
grouping  of  the  atoms.  Thus  in  cupric  chloride,  CuCl,,  or  cupric  oxide,  CuO, 
copper  is  bivalent  as  usual.  But  the  cuprous  compounds,  Cu,Cl,  and  Cu,0, 
also  occur,  and  for  them  the  formulas  may  be  written 

Cl-Cu-Cu-Cl        and        (Cu-Cu)=0. 

Again,  the  elements  Al,  Fe,  Mn,  Cr,  which  form  the  compounds  AlCl,,  A1,0„ 
etc.,  are  sometimes  called  tetravalent  and  the  formula  of  the  oxide  written,  for 
example,  ( Al  =  Al)  =  0,. 

443.  Chemical  BeactioiiB. — When  solutions  of  two  chemical  substances  are 
brought  together,  in  many  cases  they  react  upon  each  other  with  the  result  of 
forming  new  compounds  out  of  the  elements  present;  this  phenomenon  is 
called  a  chemical  reaction.  One  of  the  original  substances  may  be  a  gas,  and 
in  many  cases  similar  results  are  obtaineu  from  a  liquid  and  a  solid,  or  less 
often  from  two  solids. 

For  example,  solutions  of  sodium  chloride  (NaCl)  and  silver  nitrate 
{AgNOJ  react  on  each  other  and  yield  silver  chloride  (AgCH  and  sodium 
nitrate  (NaNO,).     This  is  expressed  in  chemical  language  as  follows: 

NaCl  +  AgNO,  =  AgCl  +  NaNO.. 

This  is  a  chemical  equation,  the  sign  of  equality  meaning  that  equal  weights 
are  involved  both  before  and  after  the  reaction. 

Again,  hydrochloric  acid  (HCl)  and  calcium  carbonate  (CaCO,)  yield 
calcium  chloride  (CaCl,)  and  carbonic  acid  (H,CO,);  which  last  breaks  up 
into  water  (H,0)  and  carbon  dioxide  (CO,),  the  last  going  off  as  a  gas  witn 
effervescence.     Hence 

CaCO,  +  2HC1  =  CaCl,  +  H.O  +  CO.. 

444.  Radicals. — A  compound  of  two  or  more  elements  according  to  their 
relative  valence  in  which  all  their  bonds  are  satisfied  is  said  to  be  saturated. 
This  is  true  of  H,0,  or,  as  it  may  be  written,  H— 0 — H.  If,  however,  one 
or  more  bonds  is  left  unsatisfied,  the  resulting  combination  of  elements  is 
called  a  radical.  Thus  — 0— H,  called  briefly  hydroxyl,  is  a  common  radical, 
having  a  valence  of  one,  or,  in  other  words,  univalent;  NH^  is  again  a  univalent 
radical;  so,  too,  (CaF),  (MgF)  or  (AlO).  Radicals  often  enter  into  a  compound 
like  a  simple  element;  for  example,  in  ammonium  chloride,  NH^Cl,  the 
univalent  radical  KH^  plays  the  same  part  as  the  univalent  element  Na  in 
NaCl.  In  the  chemical  composition  of  mineral  species,  the  commonest  radical 
is  hydroxyl  (— 0 — H)  already  defined.  Other  examples  are  (CaF)  in  apatite 
(see  Art.  466),  (MgF)  in  wagnerite,  (AlO)  in  many  basic  silicates,  etc. 

445.  Chemical  Compound. — A  chemical  compound  is  a  combination  of  two 
or  more  elements  united  by  the  force  of  chemical  attraction.  It  is  always 
true  of  it,  as  before  stated  (Art.  440),  that  the  elements  present  are  combined 
in  the  proportion  of  their  atomic  weights  or  some  simple  multiples  of  these. 
A  substance  which  does  not  satisfy  this  condition  is  not  a  compound,  but  only 
a  mechanical  mixture. 

Examples  of  the  simpler  class  of  compounds  are  afforded  by  the  oxides^  or 
•comnounds  of  oxygen  with  another  element.  Thus,  among  minerals  we  have 
€u,0,  cuprous  oxide  (cuprite);   ZnO,  zinc  oxide  (zincite);   A1,0„  alumina 
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(corundum);  SnO,,  tin  dioxide  (cassiterite) ;  SiO,,  silicon  dioxide  (quartz); 
As,0,,  arsenic  trioxide  (arsenolite). 

Another  simple  class  of  compounds  are  the  sulphides  (with  the  selenides^ 
tellurides,  arsenides,  antimonides,  etc.),  compounds  in  whicli  sulphur  (selenium^ 
tellurium,  arsenic,  antimony,  etc.)  plays  the  same  part  as  oxygen  in  the  oxides. 
Here  belong  Cu,S,  cuprous  sulphide  (chalcocite);  ZnS,  zinc  sulphide  (sphaler- 
ite); PbTe,  lead  telluride  (altaite);  FeS„  iron  disulphide  (pyrite);  Sb,S,, 
antimony  trisulphide  (stibnite). 

446.  Acids. — The  more  complex  chemical  compounds,  an  understanding 
of  which  is  needed  in  a  study  of  minerals,  are  classed  as  acids,  bases,  and  salts ;^^ 
the  distinctions  between  them  are  important. 

An  acid  is  a  compound  of  hydrogen,  or  hydroxyl,  with  a  non-metallic 
element  ^as  chlorine,  sulphur,  nitrogen,  phosphorus,  etc.),  or  a  radical  con- 
taining  these  elements.  In  them  the  hydrogen  atoms  may  be  replaced  by 
metallic  atoms;  the  result  being  then  the  formation  of  a  salt  (see  Art.  448)» 
Acids  in  general  turn  blue  litmus  paper  red  and  have  a  sharp,  sour  taste. 
The  following  are  familiar  examples : 

HCl,  hydrochloric  acid,  H  -  CI. 

HNO. ,  nitric  acid,  (HO)  =  NO,. 

H.CO, ,  carbonic  acid,  (HO),  =  CO. 
H,SO, ,  sulphuric  acid,  (HO),  =  SO,. 
H,SiO,,  metasilicic  acid,  (HO),  =  SiO. 
H.PO,,  phosphoric  acid,  (HO),eePO. 
H,SO„  orthosilicic  acid,  (HO),  =  Si. 

The  full  explanation  of  the  constitution  of  the  different  acids  requires  a  more 
detailed  discussion  than  is  possible  here.  The  second  series  of  formulas  given 
above  must  serve  as  suggestions  in  this  direction. 

It  is  to  be  noted  that  with  a  given  acid  element  several  acids  are  possible. 
Thus  normal,  or  orthosilicic,  acid  is  H^SiO,,  in  which  the  bonds  of  the  element 
silicon  are  all  satisfied  by  the  hydroxyl  (HO).  But  the  removal  of  one  mole- 
cule of  water,  H,0,  from  this  gives  the  formula  H,SiO,,  or  metasilicic  acid. 

Acids  which,  like  HNO,  ,  contain  one  atom  of  hydrogen  that  may  be 
replaced  by  a  metallic  atom  {e.g,,  in  KNO,)  are  called  movohasic.  If,  as  in 
H,CO,  and  H,SO,,  there  are  two  atoms  {e.g.,  in  CaCo,,  B:iSOJ  the  acids  are 
dibasic.     Similarly  H,PO,  is  trihasic,  etc. 

Most  acids  are  liquids  (or  gases),  and  hence  acids  are  represented  very 
sparingly  among  minerals;  B(OH),,  boric  acid  (sassolite),  is  an  illustration. 

447.  Bases. — The  bases,  or  hydroxides  as  they  are  also  called,  are  com- 
pounds which  mav  be  regarded  as  formed  of  a  metallic  element  (or  radical) 
and  the  univalent  radical  hvdroxyl,  —(OH);  or  in  other  words,  of  an  oxide 
with  water.  Thus  potash,  K,0,  and  water,  H,0,  form  2K(0H),  or  potassium 
hydroxide;  also  CaO  +  H,0  similarly  give  Ca(OH)  or  calcium  hydroxide. 
In  general,  when  soluble  in  water,  bases  give  an  alkaline  reaction  with  turmeric 
paper  or  red  litmus  paper,  and  they  also  neutralize  an  acid,  as  explained  in 
the  next  article.  Further,  the  ba^es  yield  water  on  ignition,  that  is,  at  a 
temperature  sufficiently  high  to  break  up  the  compound. 

Among  minerals  the  bases  are  represented  by  the  hydroxides,  or  hydrated 
oxides,  as  Mg(On),,  magnesium  hydrate  (brucite);  A1(0H)„  aluminium 
hydrate  (gibbsite);  also,  (A10)(0H),  diaspore,  etc. 
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448.  Salts. — A  third  class  of  compounds  are  the  salts;  these  may  be 
regarded  as  formed  chemically  by  the  reaction  of  a  base  upon  an  acid,  or,  in 
other  words,  by  the  neutralization  of  the  acid.  Thus  calcium  hydrate  and  sul- 
phuric acid  give  calcium  sulphate  and  water: 

Ca(OH),  +  H,SO,  =  CaSO,  +  2H,0. 

Here  calcium  sulphate  is  the  salt,  and  in  this  case  the  acid,  sulphuric  acid,  is 
said  to  be  neutralized  by  the  base,  calcium  hydroxide.  It  is  instructive  to 
compare  the  formulas  of  a  base,  an  acid,  and  the  corresponding  salt,  as 
follows: 

Base,  Ca(OH,) ;        Acid,  H.SO, ;        Salt,  CaSO,. 

Here  it  is  seen  that  a  salt  may  be  simply  described  as  formed  from  an  acid  by 
the  replacement  of  the  hydrogen  atom,  or  atoms,  by  a  metallic  element  or 
radical. 

449.  Typical  Salts. — The  commonest  types  of  salts  represented  among 
minerals  are  the  following: 

Chlorides:  salts  of  hydrochloric  acid, HCl;  as  AgCl,  silver  chloride  (cerar- 


gyrite). 
Nil) 


htrates:  salts  of  nitric  acid,  HNO,;  as  KNO„  potassium  nitrate  (niter). 

Carbonates:  salts  of  carbonic  acid,  H,CO,;  as  CaCO,,  calcium  carbonate 
(calcite  and  aragonite). 

Sulphates:  salts  of  sulphuric  acid,  H,SOj  as  CaSO^,  calcium  sulphate 
(anhydrite). 

Phosphates:  salts  of  phosphoric  acid,  H.POj  as  Ca,(PO,)„  calcium  phos- 
phate. 

Silicates :  several  classes  of  salts  are  here  included.  The  most  common  are 
the  salts  of  metasilicic  acid,  H,SiO,;  as  MnSiO,,  manganese  metasilicate 
(rhodonite).  Also  salts  of  orthosilicic  acid,  H^SiO^;  as  Mn,SiO^,  manganese 
orthosilicate  (tephroite). 

Numerous  other  classes  of  salts  are  also  included  among  mineral  species; 
their  composition,  as  well  as  that  of  complex  salts  of  the  above  types,  is 
explained  in  the  descriptive  part  of  this  work. 

450.  Normal,  Acid,  and  Basic  .Salts. — A  neutral  or  normal  salt  is  one  in 
which  the  basic  element  completely  neutralizes  the  acid,  or,  in  other  words, 
one  of  the  type  already  given  as  examples,  in  which  all  the  hydrogen  atoms  of 
the  acid  have  been  replaced  by  metallic  atoms  or  radicals.  Thus,  K,SO,  is 
normal  potassium  sulphate,  but  HKSO,,  on  the  other  hand,  is  acid  potassium 
sulphate,  since  in  the  acid  H,SO,  only  one  of  the  bonds  is  taken  by  the  basic 
element  potassium.  Salts  of  this  kind  are  called  acid  salts.  The  formula  in 
such  cases  may  be  written  *  as  if  the  compound  consisted  of  a  normal  salt  and 
an  acid;  thus,  for  the  example  given.  K,SO^.n,SO^. 

A  basic  salt  is  one  in  which  the  acid  part  of  the  compound  is  not  suflBcient 
to  satisfy  all  the  bonds  of  the  base.  Thus  malachite  is  a  basic  salt — basic  car- 
bonate of  copper — its  composition  being  expressed  by  the  formula  Cu,(OH),CO,. 

This  may  be  written  CuCO,.Cu(OH)„  or  (Cu,)  ~  V^^v  .     The  majority  of 


*  This  eiirly  form  of  writiop  tbe  composition  explains  the  name  often  given  to  the  com- 
pound, namely,  iu  this  case,  "  bisulpbate  of  potash." 


• 
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minerals  consist  not  of  simple  salts,  as  those  noted  above,  but  of  more  or  less 
complex  double  salts  in  which  several  metallic  elements  are  present.  Thus 
^common  grossular  garnet  is  an  orthosilicate  containing  both  calcium  and  alu- 
minium as  bases  ;  its  formula  is  Ca,Al,(SiOJ,. 

451.  Sulpho-salts.— The  salts  thus  far  spoken  of  are  all  oxygen  salts.  There 
^re  also  others,  of  analogous  constitution,  in  which  sulphur  takes  the  place  of 
the  oxygen  ;  they  are  hence  called  sulpho-salts.  Thus  normal  sulpharsenious 
^cid  has  the  formula  H.AsS,,  and  the  corresponding  silver  salt  is  Ag.AsS,,  the 
mineral  proustite.  Similarly  the  silver  salt  of  the  analogous  antimony  acid  is 
Ag,SbS„  the  mineral  pyrargyrite.  From  the  normal  acids  named,  a  series  of 
otner  hypothetical  acids  may  be  derived,  as  HAsS,,  H^As,S^,  etc. ;  these  acids 
are  not  known  to  exist,  but  their  salts  are  important  minerals.  Thus  zinkenite, 
PbSbjS^,  is  a  salt  of  the  acid  H.SbS^,  and  jamesonite,  Pb,Sb,Sj,  of  the  acid 
H,Sb,S„  etc. 

452.  Water  of  Crystallization. — As  stated  in  Art.  447,  the  hydroxides,  or 
bases  and  further  basic  salts  in  general,  yield  water  when  ignited.  Thus 
<5alcium  hydroxide  Ca(OH)  breaks  up  on  heating  into  CaO  and  H,0,  as 
expressed  in  the  chemical  equation 

2Ca(0H)  =  2CaO  +  H,0. 

So  also  the  basic  cupric  carbonate,  malachite  (formula  given  in  Art.  450),  yields 
water  on  ignition;  and  the  same  is  true  of  the  complex  basic  orthosilicates,  like 
zoisite,  whose  formula  is  (HO)Ca,Al,(SiOJ,.  It  is  not  to  be  understood,  liow- 
«ver,  in  these  or  similar  cases,  that  water  as  such  is  present  in  the  substance. 

On  the  other  hand,  there  are  a  large  number  of  mineral  compounds  which 
jield  water  readily  when  heated,  and  in  which  the  water  molecules  are  regarded 
.as  present  as  so-called  water  of  crystallization.  Thus,  the  formula  of  gypsum 
is  written 

CaSO,  +  2H,0, 

and  the  molecules  of  water  (2H,0)  are  considered  as  water  of  crystallization. 
So,  too,  in  potash  alum,  KA1(S0  J,  +  12H,0,  the  water  is  believed  to  play  the 
same  part. 

453.  Formulas  of  Minerals. — The  strictly  empirical  formula  expresses  the 
kinds  and  numbers  of  atoms  of  the  elements  present  in  the  given  compound, 
ivithout  attempting  to  show  the  way  in  which  it  is  believed  that  the 
tifoins  are  combined.  Thus,  in  the  case  of  zoisite  the  empirical  formula  is 
HCa..Al,8i,0,3.  While  not  attempting  to  represent  the  structural  formula 
<which  will  not  be  discussed  here),  it  is  convenient  in  certain  cases  to  indicate 
the  atoms  wliirih  there  is  reason  to  believe  plav  a  peculiar  relation  to  each  other. 
Thus  the  same  formula  written  (TIO)Ca,Al,(SiO,),  shows  that  it  is  regarded  as 
a  basic  orthosilicate,  in  other  words,  a  basic  salt  of  orthosilicic  acid,  H.SiO,. 

Afifnin.  the  empirical  formula  of  common  apatite  is  CajFP.O.,;  but  if  this  is 
written  (CaF^CaiPCJ,,  it  shows  that  it  is  reofarded  as  a  phosphate  of  the  acid 
H,PO..  that  is,  ITJPO,),,  in  which  the  nine  hydrogen  atoms  are  replaced  by 
■four  Ca  atoms  tosrether  with  the  univalent  radical  (CaF).  In  another  kind  of 
apatite  the  radical  (CaCl)  enters  in  the  same  wav.  Similarlv  to  this  the  formula 
of  pvromorphite  is  (PbCl)Pb,fPO,)„  of  vanadinite  (PbCl)Pb,(VO,),. 

Further,  it  is  often  convenient  to  emplov  the  method  of  writing  the  formulas 
in  vogue  under  the  old  dualistic  system.     For  example. 
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CaO.CO,    for    CaCO., 
3CaO.Al,0,.3SiO,    for    Ca,Al,Si,0,„ 
3Ag,S.Sb,S,    for    Ag.SbS„etc. 

It  is  no  longer  believed,  however,  that  the  molecular  groups  CaO,  A1,0,,  etc., 
actually  exist  in  the  molecule  of  the  substance.  But  in  part  because  these 
groups  are  what  analysis  of  the  substance  affords  directly,  and  in  part  because 
so  easily  retained  in  the  memory,  this  method  of  writing  is  still  often  used. 

464.  Oxygen  Ratio. — In  the  case  of  certain  compounds,  more  especially  the 
silicates,  it  is  sometimes  regarded  as  convenient  to  take  note  of  the  oxygen 
ratiOy  that  is,  the  ratio  in  the  number  of  oxygen  atoms  combined  with  the 
several  elements,  basic  and  acid.  For  example,  the  formula  for  grossular  garnet 
given  above  is 

Ca,Al,Si,0.,  or  3CaO.Al,0,.3SiO,. 

Here  the  oxygen  atoms  combined  with  the  basic  elements  (calcium  amd 
aluminium)  and  the  acid  element  (silicon)  are 

3  :  3  :  6  or  1  :  1  :  2, 

or  again,  for  the  basic  elements  combined, 

3  +  3  :  6  or  1  : 1. 

It  must  be  noted  that  the  oxygen  ratio  is  in  fact  the  ratio  of  the  total  valence 
of  the  elements  of  the  different  groups,  the  valence  being  measured  by  the 
combining  power  with  hydrogen,  while  the  oxygen  ratio  really  notes  the  com- 
bining power  with  oxygen. 

455.  Calculation  of  a  Formula  from  an  Analysis. — The  result  of  an  analysis 
gives  the  proportions,  in  a  hundred  parts  of  the  mineral,  of  either  the  elements 
themselves,  or  of  their  oxides  or  otner  compounds  obtained  in  the  chemical 
analysis.     In  order  to  obtain  the  atomic  proportions  of  the  elements : 

Divide  the  percentages  of  the  elements  hy  the  respective  atomic  weights; 
or,  for  those  of  the  oxides:  Divide  the  percentage  amounts  of  each  by  their 
molecular  weights;  then  fiiid  the  simplest  ratio  in  whole  numbers  for  the 
numbers  thus  obtained, 

Exnmple. — An  analysis  of  bournonite  from  Wolfsberg  gave  C.  Bromeis  the  results  under 
(1)  below.  These  percentages  divided  by  the  respective  atomic  weights,  as  indicated,  give  the 
numbers  under  (2).  Finally  the  ratio  of  these  numbers  gives  very  nearly  1:8:1:1.  Hence 
the  formula  derived  is  CuPbSbSi.  The  theoretical  values  called  for  by  the  formula  are 
added  under  (4). 

(1)  (2)  (8)  (4) 


Sb 

24  34   :   120     =0  208 

1 

24-7 

8 

19-76   :   82       =  0617 

8 

19  8 

Pb 

42-88   :   206-4  =  0*208 

1 

42-5 

Cu 

13  06  ^    63  2  =  0-207 

1 

18-0 

10004  100-0 

Second  Example.'— The  mean  of  two  analyses  of  a  garnet  from  Alaska  gave  Eountze  the 
results  under  (1)  below.  Here  as  usual  the  percentage  amounts  of  the  several  molecular 
groups  (SiOs,  AlsOt,  etc.)  are  given  instead  of  those  of  the  elements.  These  amounts 
divided  by  the  respective  molecular  weights  give  the  numbers  under  (2).  In  this  case  the 
amounts  of  the  protoxides  are  taken  together  and  the  ratio  thus  obtained  is  809  : 1  :  2*92, 
which  corresponas  approximately  to  the  formula  8FeO.AlsOs.8SiO,,  or  Fe8Al»(8i04)».  The 
magaesium  in  this  garnet  would  ordinarily  be  explained  by  the  presence  of  the  pyrope 
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molecule  (MgsAl«[Si04]s)  together  with  the  simple  almandite  molecule  whose  composition 

is  giveu  above. 

(1)  (3)  (3) 

SiO,  89  29  -*-  60     =  0655  809 

A1,0,  21-70  -H  102   =  0-212  1 

Fe,0,  tr. 

FeO  80-82  -f-  719  =  0  4291 

MnO  1-51  -f-  70-8  =  0  022  I  ^  ...->  o^o 

MgO  5  26-^-40     =  0182  f  "'**''  ^^^ 

CaO  1-99  -^  55-9  =  0  088^ 

100-57 

It  18  necessary,  when  very  small  quantities  only  of  certain  elements  (as  MnO,  MgO,  CaO- 
above)  are  present  to  neglect  them  in  the  final  formula,  reckoning  them  in  with  the  elements^ 
which  they  replace,  that  is,  with  those  of  the  same  quantivalence.  The  degree  of  corre^ 
spoudence  between  the  analysis  and  the  formula  deduced,  if  the  latter  is  correctly  assumed, 
depends  entirely  upon  the  accuracy  of  the  former. 

456.  Isomorphism. — Chemical  compounds  which  have  an  analogous  com* 
position  and  a  closely  related  crystalline  form  are  said  to  be  isomorphous. 
This  phenomenon,  called  isomorphism,  was  first  clearly  brought  out  by  Mit- 
scherlich. 

Many  examples  of  groups  of  isomorphous  compounds  will  be  found  amonr 
the  minerals  described  in  the  following  pages.  Some  examples  are  mentioned 
here  in  order  to  elucidate  the  subject. 

In  the  brief  discussion  of  the  periodic  classification  of  the  chemical  ele- 
ments of  Art.  439,  attention  has  been  called  to  the  prominent  groups  among^ 
the  elements  which  form  analogous  compounds.  Thus  calcium,  barium,  ana 
strontium,  and  also  lead,  form  the  two  series  of  analogous  compounds, 

Aragonite  Group.  Barite  Group. 

CaCO,,  aragonite.  Also        CaSO^,  anhydrite. 
BaCO,,  witherite.  BaSO^,  barite. 

SrCO,,  strontianite.  SrSO^,  celestite. 

PbCO,,  cerussite.  PbSO^,  anglesite. 

Further,  the  members  of  each  series  crystallize  in  closely  similar  forms.  The 
carbonates  are  orthorhombic,  with  axial  ratios  not  far  from  one  another;  thus 
the  prismatic  angle  approximates  to  60°  and  120°,  and  corresponding  to  this 
they  all  exhibit  pseudo-hexagonal  forms  due  to  twinning.  The  sulphates  also 
form  a  similar  orthorhombic  series,  and  though  anhydrite  deviates  somewhat 
widely,  the  others  are  close  together  in  angle  and  in  cleavage. 

Again,  calcium,  magnesium,  iron,  zinc,  and  manganese  form  a  series  of  car- 
bonates with  analogous  composition,  as  shown  in  the  list  of  the  species  of 
the  Calcite  Oroup  given  on  p.  353.  This  table  brings  out  clearly  the  close 
relation  in  form  between  the  species  named.  Incidentally,  as  an  example  of 
the  deviation  in  form  sometimes  observed,  it  is  to  be  noticed  that  dolomite 
(and  perhaps  otliers)  are  not  normally  rhombohedral  like  calcite,  but  belong  to 
the  phenacite  type  (p.  80). 

This  table  also  illustrates  another  essential  point  in  regard  to  an  isomor- 
phous series,  viz.,  the  presence  of  intermediate  members,  or  isomorphous  mix- 
tures  of  the  simple  compounds.  These  are  viewed  by  most  authors  as  due  to 
the  presence  of  both  molecules  crystallized  together,  usually  in  a  certain  definite 
ratio.  Thus  in  normal  dolomite,  (CaCO,)  and  (MgCO,)  are  both  present  in  the 
ratio  of  1:1,  and  its  formula  is  CaMg(CO,),  or  CaCO,.MgCO,.  In  mesitite 
(MgCO,)  and  (FeCO,)  are  present  in  the  ratio  of  2:1;  its  formula  is 
MgjFe((JO,),  or  2MgC0,.FeC0,.     If  it  is  not  desired  to  express  the  ratio  of 
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the  elements  present,  it  is  convenient  to  write  the  elements  together  in  a  paren- 
thesis separated  by  a  comma.  Thus  (Ca,Mg,Fe)CO,  would  mean  a  carbonate^ 
in  which  calcium^  magnesium^  and  iron  are  all  present. 

The  Apatite  Group  forms  another  Talnable  illustration  since  in  it  ar& 
represented  the  analogous  compounds,  apatite  and  pyromorphite,  both  phos- 
phates, but  respectiYely  phosphates  of  calcium  and  lead;  also  the  analogous 
lead  compounds  pyromorphite,  mimetite,  and  vauadinite  respectively  lead 
phosphate,  lead  arsenate,  and  lead  vanadate.  Further,  in  all  these  compounds 
the  radical  (ROl)  or  (RP)  enters  in  the  same  way  (see  Art.  453).  Thus  the 
formulas  for  the  two  kinds  of  apatite  and  that  for  pyromorphite  are  as  follows: 

(CaF)Ca,(PO,).,  (CaCl)Ca,(POJ.,  (PbCl)Pb,(PO,).. 

Some  of  the  more  important  isomorphous  groups  are  mentioDed  below.  For  a  discussioi» 
of  tbem,  as  well  as  of  many  oiliers  that  might  be  mentioned  here,  reference  must  be  made- 
to  the  descriptive  part  of  tiais  work. 

Isometric  Syttem.^The  Si>iuel  group,  including  spinel,  MgAl904 :  also  mngnetite*. 
chromite,  franklinite,  gahuite,  etc.  The  Galena  group,  as  galena,  PbS ;  argeotite,  AgS, 
etc.     The  Garnet  group,  as  grossularite,  CasAltSitOis,  etc.         # 

Tetragonal  System, — Rutile  group,  including  rutilc,  TiO» ;  cassiterile.  SnO,.  The 
Scheulite  group,  including  scheente.  CaWOi ;  stolzite,  PbW04 ;  wulfenite,  PbMoO*. 

Hexagonal  System. — Apatite  group,  already  mentioned,  including  apatite,  pyromorphite^ 
mimetite,  and  vauadinite.     Corundum  group,  corundum,  AUOs ;  hematite,  Fe^Os. 

Wiombohedral  System. ^C9\c\\.e  group,  already  mentioned.    Phenacite  group,  etc. 

Orthorhombic  System. — Arngonite  group,  and  Barite  group,  l)oth  mentioned  above.^ 
Chrysolite  group,  (.\Ig,Fe)«Si04 ;  Topaz  group,  etc. 

Monoclinic  System, — Copperas  group,  including  melanterite,  FeS04  +  7  aq;  bieberite,. 
C0SO4  -h  7  aq,  etc.     Pyroxene  and  Amphibole  groups,  and  the  Mica  group. 

Monoclinic  and  Triclinic  Systems. — Feldspar  group. 

457.  Isomorphons  Mixtures. — It  is  important  to  note  that  the  intermediate- 
compounds  in  the  case  of  an  isomorphous  series,  such  as  those  spoken  of  in  the 
preceding  article,  often  show  a  distinct  gradation  in  crystalline  form,  and  more 
particularly  in  physical  characters  (e.^.,  specific  gravity,  optical  properties,  etc.) 
This  is  illustrated  by  the  species  of  the  calcite  group  already  referred  to;  also- 
still  more  strikingly  by  the  group  of  the  triclinic  feldspars  as  fully  discussed 
under  the  description  of  that  group.     See  further  Art.  406. 

The  feldspars  also  illustrate  two  other  important  points  in  the  subject^ 
which  must  be  briefly  alluded  to  here.  The  triclinic  feldspars  have  been  shown 
by  Tschermak  to  be  isomorphous  mixtures  of  the  end  compounds  in  varying; 
proportions : 

Albite,  NaAlSi.O,.  Anorthite,  CaAl,Si,0,. 

Here  it  is  seen  that  these  compounds  have  not  an  analogous  composition  in  the 
narrow  sense  previously  illustrated,  and  yet  they  are  isomorphous  and  form  an 
isomorphous  series.  Other  examples  of  this  are  found  among  the  pyroxenes, 
tlie  scjipolites,  etc. 

Further,  the  Feldspar  group  in  the  broader  sense  includes  several  other 
species,  conspicuously  the  monoclinic  orthoclase,  KAlSi,0.,  which,  though 
belonging  to  a  different  system,  still  approximates  closely  in  form  to  the 
triclinic  species. 

458.  Dimorphism.  Isodimorphism. — A  chemical  compound,  which  crystal- 
lizes in  two  forms  genetically  distinct,  is  said  to  be  dimorphous;  if  in  three,. 
trimorphous,  or  in  general  pleomorphous.  This  phenomenon  is  called  dimor- 
phism or  PLEOMORPHISM. 

An  example  is  given  by  the  compound  calcium  carbonate  (CaCOJ,  which 
is  dimorphous:  appearing  us  calcite  and  asaragonite.     K&  calcite  it  crystallizes 
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in  the  rhorabohedral  system,  and,  unlike  as  its  many  crystalline  forms  are, 
they  may  be  all  referred  to  the  same  fundameptal  rhombohedron,  and,  what  is 
more,  they  have  all  the  same  cleavage  and  the  same  specific  gravity  (2'7),  and, 
of  course,  the  same  optical  characters.  As  aragoiiite,  calcium  carbonate 
appears  in  orthorhombic  crystals,  whose  optical  characters  are  entirely  differ- 
ent from  those  of  calcite;  moreover,  the  specific  gravity  of  aragonite  (2*9)  is 
higher  than  that  of  calcite  (2*7). 

Many  other  examples  might  be  given:  Silica  (SiO,)  is  dimorphous;  appear- 
.  ing  as  quartz,  rhombohedral,  G.  =  2*66;  as  tridi/mite,  hexagonal,  G.  =  2  3,  and 
^  perhaps  in  other  forms.  Titanium  dioxide  (TiO,)  is  trimorphous,  the  species 
being  called  rutile,  tetragonal  (d  =  0*6442K  6.  =  4*25;  octahedrite,  tetragonal 
{6  =  1*778),  G.  =  3'9;  and  brookite,  orthorhombic,  G.  =  4-15.  Carbon  appears 
in  two  forms,  in  diamond  and  graphite.  Other  familiar  examples  are  pyrite 
and  marcasite  (FeS,),  sphalerite  and  wurtzite  (ZnS),  etc. 

When  two  or  more  analogous  compounds  are  at  the  same  time  isomorphous 
and  dimorphous,  they  are  said  to  be  isodimorphous,  and  the  phenomenon  is 
called  IS0DIM0RPHI8M.  An  example  of  this  is  given  in  the  Pyrite  and  Mar- 
casite groups  described  later.  Thus  we  have  in  the  isometric  Pyrite  Group, 
pyrite,  FeS,,  smaltite,  CoAs, ;  in  the  orthorhombic  Marcasite  Group,  marcas- 
ite, FeS,,  safflorite,  Co  As,,  etc. 

459.  Chemical  and  Miorochemical  Analysis. — The  analysis  of  minerals  is  a 
8ubject  treated  of  in  chemical  works,  and  need  not  be  touched  upon  here 
except  so  far  as  to  note  the  convenient  use  of  certain  qualitative  methods,  as 
described  in  the  later  part  of  this  chapter. 

Of  more  importance  are  the  microchemical  methods  applicable  to  sections 
under  the  microscope  and  often  yielding  decisive  results  with  little  labor. 
This  subject  has  been  particularly  developed  by  Boficky,  Haushofer,  Behrens, 
Streng,  and  others.  Reference  is  made  to  the  discussion  by  Rosenbusch 
(Mikr.  Phys.,  1892,  p.  259  et  seq,,  also  the  list  of  authors  on  p.  212.) 

460.  Mineral  Synthesis. — The  occurrence  of  certain  mineral  conipomula 
{e.g.,  the  chrysolites)  among  the  products  of  metallurgical  furnaces  has  long 
been  noted.  But  it  has  only  been  in  recent  years  that  the  formation  of 
artificial  minerals  has  been  made  the  subject  of  minute  systematic  experi- 
mental study.  In  this  direction  the  French  chemists  have  been  particularly 
euccessful,  and  now  it  may  be  stated  that  the  majority  of  common  minerals — 
quartz,  the  feldspars,  amphibole,  mica,  etc. — have  been  obtained  in  crystallized 
form.  Even  the  diamond  has  been  formed  in  minute  crystals  by  Moissan. 
These  studies  are  obviously  of  great  importance  particularly  as  throwing  light 
upon  the  method  of  formation  of  minerals  in  nature  {e.g.,  the  diamond). 
The  chief  results  of  the  work  thus  far  done  are  given  in  the  volumes  men- 
tioned in  the  Introduction,  p.  4. 

461.  Alteration  of  Minerals.  Fseudomorphs. — The  chemical  alteration  of 
mineral  species  under  the  action  of  natural  agencies  is  a  subject  of  great 
importance  and  interest,  particularly  when  it  results  in  the  change  of  the 
original  composition  into  some  other  equally  definite  compound.  A  crystal- 
lized mineral  which  has  thus  suffered  change  so  that  its  form  no  longer 
belongs  to  its  chemical  composition  has  already  been  defined  (Art.  262,  p.  144) 
as  a  psendomorph  It  remains  to  describe  more  fully  the  different  kinds  of 
pseudomorphs.     Pseudomorphs  are  classed  under  several  heads: 

1.  Pseudomorphs  by  suhstitution. 

2.  Pseudomorphs  by  simple  deposition,  and  either  by  (a)  incrustation  or 
{h)  infiltration. 
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3.  Pseudomorpha  by  alteration;  and  these  may  be  altered 
Ja)  without  a  change  of  composition,  by  paramorphiam; 
h)  by  the  loss  of  an  ingredient ; 
J))  by  the  assumption  of  a  foreign  substance; 
{d)  by  a  partial  exchange  of  constituents. 

1,  The  first  class  of  pseudomorphs,  by  substitution,  embraces  those  cases 
where  there  has  been  a  gradual  removal  of  the  original  material  and  a  cor- 
responding and  simultaneous  replacement  of  it  by  another,  without,  however^ 
any  chemical  reaction  between  the  two.  A  common  example  of  this  is  a  piece 
of  fossilized  wood,  where  the  original  fiber  has  been  replaced  entirely  by 
silica.  The  first  step  in  the  process  was  the  filling  of  the  pores  and  cavities 
by  the  silica  in  solution,  and  then  as  the  woody  fiber  by  gradual  decomposition 
disappeared  the  silica  further  took  its  place.  Other  examples  are  qnai-tz  after 
fluorite,  calcite,  and  many  other  species;  cassiterite  after  orthoclase;  native 
copper  after  aragonite,  etc. 

3.  Pseudomorphs  by  incrustation  form  a  less  important  class.  Such  are 
the  crusts  of  quartz  formed  over  fluorite.  In  most  cases  the  removal  of  the 
original  mineral  has  gone  on  simultaneously  with  the  deposition  of  the  second^ 
so  that  the  resulting  pseudomorph  is  properly  one  of  substitution.  In 
pseudomorphs  by  infiltration  a  cavity  made  by  the  removal  of  a  crystal  has 
been  filled  oy  another  mineral. 

3.  The  third  class  of  pseudomorphs,  by  alteration,  includes  a  considerable 
proportion  of  the  observed  cases,  of  which  the  numbef  is  very  large.  Con- 
clusive evidence  of  the  change  which  has  gone  on  is  often  furnished  by  a 
nucleus  of  the  original  mineral  in  the  center  of  the  altered  crystal — e.g,,  a 
kernel  of  cuprite  in  a  pseudomorphous  octahedron  of  malachite;  also  of 
chrysolite  in  a  pseudomorphous  crystal  of  serpentine,  etc. 

(a)  An  example  of  paramorphism—thiit  is,  of  a  change  in  molecular  con- 
stitution without  change  of  chemical  substance— is  furnished  by  the  change  of 
aragonite  to  calcite  (both  CaCO,)  at  a  certain  temperature;  also  the  para^ 
morphs  of  rutile  after  brookite  (both  TiO,)  from  Magnet  Cove,  Arkansas. 

{b)  An  example  of  the  pseudomorphs  in  which  alteration  is  accompanied 
by  a  loss  of  ingredients  is  furnished  by  crystals  of  native  copper  in  the  form 
of  cuprite. 

(c)  In  the  change  of  cuprite  to  malachite — e.g.,  the  familiar  crystals  from 
Chessy,  France — an  instance  is  afforded  of  the  assumption  of  an  ingredient — 
viz.,  carbon  dioxide  (and  water).  Pseudomorphs  of  gypsum  after  anhydrite 
occur  where  there  has  been  an  assumption  of  water  alone. 

{d)  A  partial  exchange  of  constituents — in  other  words,  a  loss  of  one  and 
gain  of  another — takes  place  in  the  change  of  feldspar  to  kaolin,  in  which  the 
potash  silicate  disappears  and  water  is  taken  up;  pseudomorphs  of  limonite 
after  pyrite  or  siderite,  of  chlorite  after  garnet,  pyromorphite  after  galena^ 
are  other  examples. 

The  chemical  processes  involved  in  such  changes  open  a  wide  and  impor- 
tant field  for  investigation.  Their  study  has  served  to  throw  much  light  on 
the  chemical  constitution  of  mineral  species  and  the  conditions  under  which 
they  have  been  formed.  For  the  literature  of  the  subject  see  the  Introduction, 
p.  3  (Blum,  Bischof,  Roth,  etc.).  As  typical  studies  of  special  cases  the 
following  articles  are  referred  to : 

0«nth.     Corundum,  etc.    Am.  Phil.  Sec.  Philad..  13,  861,  1878. 
J.  D.  Dana.     Serpentine  pseudomorphs.  Tilly  Foster  mine.     Am.  J.  Sc,  8,  871,  1874. 
Brush  and  Dana.     Spodnmene.  etc.,  Branchville,  Ct.     Am.  J.  Sc,  20,  257.  1880. 
Sohrauf.     Serpentine  of  Bohemia.    Zs.  Krysi..  6,  ^21,  1882. 
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CHEMICAL  EXAMINATION  OF  MINERALS. 

462.  The  complete  investigation  of  the  chemical  composition  of  a  min- 
-era]  includes,  first,  the  identification  of  the  elements  present  by  qualitative 
analysis,  and,  second,  the  determination  of  the  relative  amounts  of  each  by 
-quantitative  analysis,  from  which  last  the  formula  can  bo  calculated.  BoLii 
processes  carried  out  in  full  call  for  the  equipment  of  a  chemical  laboratory. 
An  approximate  qualitative  analysis,  however,  can,  in  many  cases,  be  made 
-quickly  and  simply  with  few  conveniences.  The  methods  employed  iiivolv3 
either  (a)  the  use  of  acids  or  other  reagents  "in  the  wet  way,"  or  (b)  tlie  Uae 
of  the  blowpipe,  or  of  both  methods  combined.  Some  practical  instructions 
will  be  given  applying  to  both  cases. 

EXAMINATION  IN  THE  WET  WAY. 

463.  Reagents,  etc. — The  most  commonly  employed  chemical  reagents  are 
the  three  mineral  acids,  hydrochloric,  nitric^  and  sulphuric  acids.  To  these  may 
l)e  added  ammonia,  also  solutions  of  barium  chloride,  silver  nitrate,  ammonium 
molybdate,  ammonium  oxalate;  finallv,  distilled  water  in  a  wash-bottle. 

A  few  test-tubes  are  needed  for  the  trials  and  sometimes  a  porcelain  dish 
^ith  a  handle  called  a  casserole;  further,  a  glass  funnel  and  filter-paper. 
The  Bunsen  gas-burner  (p.  256)  is  the  best  source  of  heat,  though  an  alcohol 
lamp  may  take  its  place.  It  is  unnecessary  to  remark  that  the  use  of  acids 
4ind  the  other  reagents  requires  much  care  to  avoid  injury  to  person  or  clothing. 

In  testing  the  powdered  mineral  with  the  acids,  the  important  points  to  be 
noted  are:  (1)  the  degree  of  solubility,  and  (2)  the  phenomena  attending  entire 
or  partial  solution;  that  is,  whether  (a)  a  solution  is  obtained  ouietly,  without 
effervescence,  and,  if  so,  what  its  color  is;  or  (b)  a  gas  is  evolved,  producing 
effervescence;  or  (c)  an  insoluble  constituent  is  separated  out. 

464.  Solnbility. — In  testing  the  degree  of  solubility  hydrochloric  acid  is 
most  commonly  used,  though  in  the  case  of  many  metallic  minerals,  as  the 
sulphides  and  compounds  of  lead  and  silver,  nitric  acid  is  required.  Less 
often  sulphuric  acid  and  aqua  regia  (nitro-hydrochloric  acid)  are  resorted  to. 

The  trial  is  usually  made  in  a  test-tube,  and  in  general  the  fragment  of 
mineral  to  be  examined  should  be  first  carefully  pulverized  in  an  agate 
mortar.     In  most  cases  the  heat  of  the  Bunsen  burner  must  bo  employed. 

(a)  Many  minerals  are  completely  soluble  without  effervescence  ;  among 
these  are  some  of  the  oxides,  as  hematite, limonite,  gothite,  etc.;  some  sulphates, 
many  phosphates  and  arsenates,  etc.  Gold  and  platinum  are  soluble  only  in 
aqua  regia  or  nitro-hydrochloric  acid. 

A  yellow  solution  is  usually  obtained  if  much  iron  is  present;  a  blue  or 
greenish-blue  solution  (turning  deep  blue  on  the  addition  of  ammonia  in 
-excess)  from  compounds  of  copper;  pink  or  pale  rose  from  cobalt,  etc. 

(^)  Solubility  with  effervescence  takes  place  when  the  mineral  loses  a 
gaseous  ingredient,  or  when  one  is  generated  by  the  mutual  reaction  of  acid 
and  mineral.  Most  conspicuous  here  are  the  carbonates,  all  of  which  dissolve 
with  effervescence,  giving  off  the  odorless  gas  carbon  dioxide  (COJ,  thonjrh 
some  of  them  only  when  pulverized,  or,  again,  on  the  addition  of  heat.  \\\ 
applying  this  test  dilute  hydrochloric  acid  is  employed. 
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SulpJiureted  hydrogen,  or  hydrogen  sulphide  (H,S),  is  evolved  by  some 
sulphides  when  dissolved  in  hydrochloric  acid:  this  is  true  of  sphalerite, 
fitibnite,  etc.     This  gas  is  readily  recognized  by  its  offensive  odor. 

Chlorine  is  evolved  by  oxides  of  manganese  and  also  chromic  and  vanadic 
acid  salts  when  dissolved  in  hydrochloric  acid. 

Nitrogen  dioxide  (NO,)  is  given  off,  in  the  form  of  red  suffocating  fumes, 
by  many  metallic  minerals,  and  also  some  of  the  lower  oxides  (cuprite,  etc.), 
when  treated  with  nitric  acid. 

(c)  The  separation  of  an  iiisoluhle  ingredient  takes  place:  With  many 
silicates,  the  silica  separating  sometimes  as  a  fine  powder,  and  again  as  a  jelly ; 
in  the  latter  case  the  mineral  is  said  to  gelatinize  (sodalite,  analcite).  In  order 
to  test  this  point  the  finely  pulverized  silicate  is  digested  with  strong  hydro- 
chloric acid,  and  the  solution  afterward  slowly  evaporated  nearly  to  dryness. 
With  a  considerable  number  of  silicates  the  gelatin ization  takes  place  only 
after  ignition ;  while  some  others,  which  ordinarily  gelatinize,  are  rendered 
insoluble  by  ignition. 

With  many  sulphides  (as  pyrite)  a  separation  of  snlphur  takes  place  when 
they  are  treated  with  nitric  acid. 

Some  compounds  of  titanium  and  tungsten  are  decomposed  by  hydrochloric 
acid  with  the  separation  of  the  oxides  of  the  elements  named  (TiO  ,  WO.). 
The  same  is  true  of  salts  of  molybdic  and  vanadic  acids,  only  that  nere  the 
oxides  are  soluble  in  an  excess  of  the  acid. 

Compounds  containing  silver,  lead,  and  mercury  give  with  hydrochloric 
acid  insoluble  residues  of  the  chlorides.  These  compounds  are,  however, 
soluble  in  nitric  acid. 

When  compounds  containing  tin  are  treated  with  nitric  acid,  the  tin 
dioxide  (SnO,)  separates  as  a  white  powder.  A  corresponding  reaction  takes 
place  under  similar  circumstances  with  minerals  containing  arsenic  and 
antimony. 

Insoluble  Minerals, — A  large  number  of  minerals  are  not  sensibly  attacked 
hy  any  of  the  acids.  Among  these  may  be  named  the  following  oxides: 
C/orundum,  spinel,  chromite,  diaspore,  rutile,  cassiterite,  quartz;  also  cerar- 
CTrite;  many  silicates,  titanates,  tantalates,  and  niobates;  some  of  the  sul- 
pnates,  as  barite,  celestite;  many  phosphates,  as  xenotime,  lazulite,  childrenite, 
amblvgonite;  also  the  borate,  boracite. 

465.  Examination  of  the  Solution. — If  the  mineral  is  difficultly,  or  only 
partially,  soluble,  the  question  as  to  solubility  or  insolubility  is  not  always 
settled  at  once.  Partial  solution  is  often  shown  by  the  color  given  to  the 
liquid,  or  more  generally  by  the  precipitate  yielded,  for  example,  on  the  addition 
of  ammonia  to  the  liquid  filtered  off  from  the  remaining  powder.  The 
further  examination  of  the  solution  yielded,  whether  from  partial  or  complete 
solution,  after  the  separation  by  filtration  of  any  insoluble  residue,  requires 
the  systematic  laboratory  methods  of  qualitative  analysis. 

It  may  be  noted,  however,  that  in  the  case  of  sulphates  the  presence  of 
sulphur  is  shown  by  the  precipitation  of  a  heavy  white  powder  of  barium 
sulphate  (BaSO  J  when  barium  chloride  is  added.  The  presence  of  silver  in 
solution  is  shown  by  the  separation  of  a  white  curdy  precipitate  of  silver 
chloride  (AgCl)  upon  the  addition  of  any  chlorine  compound;  conversely,  the 
same  precipitate  shows  the  presence  of  chlorine  when  silver  nitrate  is  added 
to  the  solution. 

Again,  phosphorus  may  be  detected  if  present,  even  in  small  quantity. 


CHEMICAL  MISEEALOGY. 


in  a  nitric  acid  solation  of  a  mineral  by  the  fine  yellow  powder  which  separates, 
eometimea  after  standing,  when  ammonium  molybdate  has  been  added. 


EXAMINATION   BY   MEANS   OF  THE   BLOWPIPE.* 

466.  The  use  of  the  blowpipe,  in  altilled  hands,  gives  a  quick  method  of 
obtaining  a  partial  knowledge  of  the  qualitative  composition  of  a  mineral. 
The  apparatus  needed  inclndee  the  following  articles: 

Blowpipe,  lamp,  platinum -pointed  forceps,  platinum  wire,  charcoal,  glass 
tubes;  also  a  small  hammei'  with  sharp  edges,  a  steel  auvil  an  inch  or  two 
long,  a  horseshoe  magnet,  a  small  agate  mortar,  a  pair  of  cutting  pliers,  a 
three-cornered  file. 

Further,  test-paper,  both  turmeric  and  blue  litmus  paper;  a  little  pure 
tin-foil;  also  in  small  wooden  boxes  the  fluxes:  borax  (sodium  tetraborate)^ 
soda  (anhydrous  sodium  carbonate),  salt  of  phosphorus  or  microcosmic  salt 
(sodium-ammonium  phosphate),  acid  potassium  sulphate  (HKSO  );  also  a 
solution  of  cobalt  nitrate  in  a  dropping  Dulb  or  bottle;  further,  the  three  acids 
mentioned  in  Art,  463. 

467.  Blowpipe  and  Lamp. — A  zood  form  of  blowpipe  is  shown  in  Fig.  570. 
670  The  air-chttmber,  at  a,  is  essential  to  stop  the  condensed 
^^^^^  moisture  ot  the  breath,  but  the  tip  (i),  of  platinum  or  of 
^^^^^       brass,  though  convenient  is  not  essential,  and  many  will 

^^W  prefer  to  do  without  the  mouthpiece  (t). 

cVfl  The  most  convenient  form  of  lamp  ia  that  furnishei) 

■I  by  an  ordinary  Bunsen  gas-burner  f  (Fig.  671),  provided 

II  with  a  tube,  b,  which  when  inserted  cuts  off  the  air-supply 

at  a;  the  gas  then  burns  at  the  top  with  the  usual  yellow 

^^,  flame.     This  flame  should  be  one  to 

one  and  a  half  inches   high.     The 

tip  of  the  blowpipe  ia  held  near  (or 

just  within  the  flame,  see  beyond), 

and  the  air  blown  through  it  causes 

the  flame  to  take  the  shape  shown  in 

Figs.  573,  574. 

It  ia  necessary  to  learn  to  blow 
contintiously,  that  is,  to  keep  up  a 
blast  of  air  from  the  compressed 
reservoir  in  the  mouth-cavity  while 
respiration  is  maintained  through 
the  nose.  To  accomplish  tliis  suc- 
cessfully and  at  the  same  time  to 
produce  a  clear  flame  without  un- 
necessary fatiguing  effort  calls  for  some  practice. 

•  Tlie  «ul)ji'Ct  of  Ihe  blowpipe  nnd  its  use  is  Irtaleii  very  briefly  in  Ibis  place.  Tbe 
student  who  wisliea  to  be  fully  infoiined  not  only  in  repird  lo  llie  use  of  ibi-  vniious 
it)  Hi  Til  me  uts,  but  also  ns  to  all  the  valuiible  reactioDH  practlcully  iiaefiil  In  the  fdctitlticAiloD 
of  minerals,  shoutil  consult  a  manual  on  [be  subject.  The  Manual  of  Determinative 
Mtneniloffl',  with  nn  introilticllon  on  Blowpipe  Analysis,  by  George  J.  Brush:  refisec!  and 
enlargeii  by  Samuel  L.  PenflcUi  (New  York,  18B6I.  is  p:irticularly  lo  be  recommended. 
Auother  recent  work  Is  the  Manual  of  Qualitative  Blowpipe  Analysis  and  DeiermtDatlve 
Mineralogy  by  F.  M.  Endlldi  (New  York.  1893). 

\  Instead  of  this,  a  good  Hiearin  candle  will  answer,  or  an  oil  flame  with  flat  wick. 
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When  the  tube,  hy  is  remoTed,  the  gas  bums  with  a  colorless  flame  and  is 
used  for  heating  glass  tubes,  test-tubes,  etc.«   An  alcohol  lamp  will 
serve  the  same  purpose. 

468.  Forceps.  Wire. — The  forceps  (Fig.  572)  are  made  of  steel, 
nickel-plated,  and  should  have  a  spring  strong  enough  to  support 
firmly  the  small  fragment  of  mineral  between  the  platinum  points 
at  d.  The  steel  points  at  the  other  end  are  used  to  pick  up  small 
pieces  of  minerals,  but  must  not  be  inserted  in  the  flame.  Care  must 
be  taken  not  to  injure  the  platinum  bv  allowing  it  to  come  in  contact 
with  the  fused  mineral,  especially  if  tLis  contains  antimony,  arsenic, 
lead,  etc. 

The  platinum  wire  required  should  be  of  the  size  designated 
No.  27.  A  piece  of  platinum-foil  is  often  useful;  also  a  small 
platinum  spoon. 

469.  CharooaL — The  charcoal  employed  should  not  snap  and 
should  yield  but  little  ash;  the  kinds  made  from  basswood^  pine  or 
willow  are  best.  It  is  most  conveniently  employed  in  rectangular 
pieces,  say  four  inches  long,  an  inch  wide,  and  three-quarters  of  an 
inch  in  thickness.  The  surface  must  always  be  perfectly  clean 
before  each  trial. 

Instead  of  charcoal  a  support  of  the  metal  aluminium^  as  suggested  by  Ross, 
is  used  by  some  workers  with  good  results. 

470.  Glass  Tubes. — The  glass  tubes  should  be  of  rather  hard  glass  and  say 
one-sixth  to  one-quarter  of  an  inch  in  interior  diameter.  The  smaller  size  is 
suitable  for  the  closed  tubes;  these  are  simply  made  by  heating  a  piece  six 
inches  long  in  the  middle  and  then  drawing  the  ends  apart,  the  long  ends  being 
fused  and  pinched  off.  The  larger  size  serves  for  open  ttcbes,  which  may  be 
five  inches  or  so  in  length. 

471.  Blowpipe  Flame. — The  blowpipe  flame,  shown  in  Figs.  5T3,  574,  con- 
sists of  two  cones:  an  inner  of  a  blue  color,  and  an  outer  cone  which  is  nearly 
invisible.  The  heat  is  most  intense  just  beyond  the  extremity  of  the  blue 
flame,  and  the  mineral  is  held  at  this  point  when  \i^  fusibility  is  to  be  tested. 

The  outer  cone  is  called  the  oxidizing  flame  (O.F.);  it  is  characterized 
by  the  excess  of  the  oxygen  of  the  air  over  the  carbon  of  the  gas  to  be  com- 
bined with  it,  and  has  hence  an  oxidizing  eifect  upon  the  assay  This  flame  is 
best  produced  when  the  jet  of  the  blowpipe  is  inserted  a  very  little  in  the  gas 
flame  (see  Fig.  573);  it  should  be  entirely  non-luminous.  The  mineral  is  to 
be  held  at  d. 

The  inner  flame  is  called  the  reducing  flame  (R.F.)  ;  it  is  characterized 
by  the  excess  of  the  carbon  or  hydrocarbons  of  the  gas,  which  at  the  high  tem- 
perature present  tend  to  combine  with  the  oxygen  of  the  mineral  brought  into 


573. 


574. 


it  (at  d)y  or,  in  other  words,  to  reduce  it.  The  best  reducing  flame  is  produced 
when  the  blowpipe  is  held  a  little  distance  from  the  gas  flame;  it  should  retain 
the  yellow  color  of  the  latter  on  its  upper  edge  (see  Fig.  574). 
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472.  Methods  of  EzamiiuitioiL — The  blowpipe  inrestigation  of  mineralfl 
incladeg  their  examination,  (1)  in  the  platinam-pointed  forcepe,  (2)  in  the 
closed  and  the  open  tabes,  (3)  on  charcoal  or  other  support,  and  (4)  nith  the 
flaxes  on  the  platinum  wire. 

1.   EXAMIXATIOSr  IN  THE  FORCEPS. 

473.  Use  of  the  Foroepa. — Platinum-pointed  forceps  are  employed  to  hold 
the  fragment  of  the  mineral  while  a  test  is  made  as  to  its  fusibility;  also  when 
the  presence  of  a  Yolatile  ingredient  which  may  give  the  flame  a  characteristic 
color  ia  tested  for,  etc. 

The  foi lowing  practical  pointt  most  be  regarded  :  (1)  Metallic  minends,  espedallj  those 
cootaiuing  arsenic  or  antimoDy,  which  when  fused  might  injure  the  platioam,  should  first 
be  examined  on  charcoal*;  (2)  the  fragment  taken  should  be  thin,  and  as  small  as  can  con- 
▼eoiently  be  held,  with  its  edge  proiectine  well  beyond  the  points ;  (3)  when  decrepitation 
taken  place,  the  heat  must  be  appliea  slowly,  or,  if  this  does  not  preTcnt  it.  the  mineral  may 
be  powdered  and  a  paste  made  with  water,  thick  enough  to  be  held  in  the  forceps  or  on  the 
platintini  wWe  ;  or  the  paste  may,  with  the  same  end  in  riew,  be  heated  on  charcoal ;  (4)  the 
fragment  whose  fusibility  is  to  be  tested  must  be  held  in  the  hottest  part  of  the  flame,  just 
beyond  the  extremity  of  the  blue  cone. 

474.  Fusibility. — All  grades  of  fusibility  exist  among  minerals,  from  those 
which  fuse  in  large  fraraients  in  the  flame  of  the  candle  (stibnite,  see  below) 
to  those  which  fuse  only  on  the  thinnest  edges  in  the  hottest  blowpipe  flame 
(bronzite);  and  still  again  there  are  a  considerable  number  which  are  entirely 
infusible  (e.g.,  corundum). 

The  exact  determination  of  the  temperature  of  fusion  is  not  easily  accom- 
plished (of.  Art.  413,  p.  232),  and  for  purposes  of  determination  of  species  it  is 
unnecessary.  The  approximate  relative  degree  of  fusibility  is  readily  fixed  by 
referring  the  mineral  to  the  following  scale,  suggested  by  yon  Eobell: 

1.  Stibnite.  4.  Actinolite. 

2.  Nat  roll  te.  5.  Ortboclase. 

3.  Almandite  Garnet.  6.  Bronzite. 

476.  In  connection  with  the  trial  of  fusibility,  the  following  phenomena 
may  be  observed*  (n)  coloration  of  the  flame  (see  Art.  476);  (h)  sioelling  up 
{^i'\\h\{(i)y  ov  exfoliation  oi  the  mineral  (vermiculite);  or  (c)  (jlowing  without 
fusion  (('alcitej;  and  (d)  intumescence,  or  a  spirting  out  of  the  mass  as  it 
fuBOfl  (.sca])o]ite). 

The  color  of  the  mineral  after  ignition  is  to  be  noted;  and  the  nature  of 
the  fused  mass  is  also  to  be  observed,  whether  a  clear  or  blebby  glass  is  obtained, 
or  i»  black  slag;  also  whether  the  bead  or  residue  is  magnetic  or  not  (due  to 
iron,  lews  often  nickel,  cobalt),  etc. 

'JMie  ignited  fragment,  if  nearly  or  quite  infusible,  may  be  moistened  with 
tlio  coiialt  solution  and  again  ignited,  in  which  case,  if  it  turns  bluey  this 
indicates  the  presence  of  aluminium  (as  with  cyanite,  topaz,  etc. ) ;  but  note 
that  zinc  silicate  (calamine)  also  assumes  a  blue  color.  If  it  becomes  pi7ik,  this 
indicates  a  compound  of  magnesium  (as  brucite). 

Also,  if  not  too  fusible,  it  may,  after  treatment  in  the  forceps,  be  placed 
upon  a  strip  of  moistened  turmeric  paper,  in  which  case  an  alkalifie  reaction 
])rove8  the  presence  of  an  alkali,  sodium,  potassium;  or  an  alkaline  earth, 
calcium,  magnesium,  barium,  strontium. 


*  Arsenic,  nntiinony,  nnd  easily  reducible  metals  like  lead,  also  copper,  form  more  or 
less  fusible  alloys  with  platinum. 
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476.  Flame  Coloration. — The  color  often  imparted  to  the  outer  blowpipe 
flame,  while  the  mineral  held  in  the  forceps  is  being  heated,  makes  possible 
the  identification  of  a  number  of  the  elements. 

The  colors  which  may  be  produced,  and  the  substances  to  whose  presence 
they  are  due,  are  as  follows: 

Color.  Substance. 

Carmine-red Lithium. 

Purple-red Strontium. 

Orange-red Calcium. 

Yellow Sodium. 

TelUnoieh  green Barium. 

Siskine-green Borou. 

Emerald-green Oxide  of  copper. 

Bluiih  green Pliosphoric  acid  (phosphates). 

Oreeniah  blue Antimony. 

Whttiah  blue Arsenic. 

Azure-blue Chloride  of  copper;  also  selenium. 

Violet Potassium. 

A  yellowish -green  flame  is  also  given  by  the  oxide  or  sulphide  of  molybdenum ;  a 
bluish-green  flame  (in  streaks)  by  zinc;  a  pale  greenish  flame  by  tellurium;  a  blue  flame  by 
lead. 

477.  Notes.— The  presence  of  soda,  even  in  small  quantities,  produces  a  yellow  flame, 
which  (except  in  the  spectroscope)  more  or  less  completely  masks  the  coloration  of  the 
flame  due  toother  substances,  e.g.,  potassium.  The  use  of  a  wedge  of  blue  glass  then 
allows  the  characteristic  violet  color  to  be  observed.  Silicates  are  often  so  difllcultly 
decomposed  that  no  distinct  color  is  obtained  even  when  the  substance  is  present;  in  such 
•cases  {e.g.,  potash  feldspar)  the  powdered  mineral  may  be  fused  on  the  platinum  wire  with 
an  equal  volume  of  gypsum,  when  the  flame  can  be  seen  (^  least  through  blue  glass). 
Aeain,  a  silicate  like  tourmaline  fused  with  a  mixture  of  fluorite  and  acid  potassium 
flulplmte  yields  the  characteristic  green  flame  of  boron.  Phosphates  and  borates  give  the 
green  flame  in  general  best  when  they  have  been  pulverized  and  moistened  with  sulphuric 
acid.  Moistening  with  hydrochloric  acid  makes  the  coloration  in  many  cases  (as  with  the 
carbonates  of  culcium,  barium,  strontium)  more  distinct. 

2.  Heating  in  the  Closed  and  Open  Tubes. 

478.  The  tubes  are  useful  chiefly  for  examining  minerals  containing 
Yolatile  ingredients^  given  off  at  the  temperature  of  the  gas  flame. 

In  the  case  of  the  closed  tube,  the  heating  goes  on  practically  uninfluenced 
by  the  air  present,  since  this  is  driven  out  of  the  tube  in  the  early  stages  of 
the  process.  In  the  open  tube,  on  the  other  hand,  a  continual  stream  of  hot 
air,  that  is,  of  hot  oxygen,  passes  over  the  assay,  tending  to  produce  oxidation 
and  hence  often  materially  changing  the  result. 

479.  Closed  Tube. — A  small  fragment  is  inserted,  or  a  small  amount  of 
the  powdered  mineral — in  this  case  with  care  not  to  soil  the  sides  of  the  tube — 
and  heat  is  applied  hj  means  of  the  ordinary  Bunsen  flame.  The  presence  of 
a  volatile  ingredient  is  ordinarily  shown  by  the  deposit,  or  sublimate,  upon  the 
tube  at  some  distance  above  the  assay  where  the  tube  is  relatively  cool. 

Independent  of  this,  other  phenomena  may  be  noted,  namely:  decrepita* 
Hon,  as  shown  by  fluorite,  calcite,  etc.;  gloiomg,  as  exhibited  by  ^adolmite; 
phosphorescence,  of  which  fluorite  is  an  example;  change  of  co/or  (limonite), 
and  here  the  color  of  the  mineral  should  be  noted  both  when  hot,  and  again 
after  cooling;  fusion;  giving  off  oxygen,  as  mercuric  oxide;  yielding  add  or 
nlkaline  vapors,  which  should  be  tested  by  inserting  a  stnp  of  moistened 
litmus  or  turmeric  paper  in  the  tube. 
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Of  the  sublimates  which  form  in  the  tube,  the  following  are  those  with 
which  it  is  most  important  to  be  familiar: 

Substance.  Sub  imate  in  the  Closed  Tube. 

Water  (HtO) Colorless  liquid  drops. 

Sulphur  (S) Red  to  deep  yellow,  liquid:  pale  yellow,  solid. 

Tellurium  dioxide  (TeO«) Pale  yellow  to  colorless,  liquid;  colorless  or  white»  solid. 

Arsenic  sulphide  (AssSs) Dark  red,  liquid;  reddish  yellow,  solid. 

Antimony  oxysulphide  (SbaStO)  Black  to  reddish  brown  on  cooling,  solid. 

Arsenic  (As) Black,  brilliant  metallic  to  gray  crystalline,  solid. 

Mercury  sulphide  (HgS) Deep  black,  red  when  rubbed  very  fine. 

Mercury  (Hg) Gniy  metallic  globules. 

In  addition  to  the  above:  Tellurium  eives  black  fusible  globules;  selenium  tbe  same,  but 
in  part  dnrk  red  when  very  small;  the  chloride  of  lead  and  oxides  of  arsenic  and  antimony 
give  white  solid  sublimates. 

480.  Open  Tube. — The  small  fra^ent  is  placed  in  the  tube  about  an  inch 
from  the  lower  end,  the  tube  being  slightly  inclined  (say  20°),  but  not  enough 
to  cause  the  mineral  to  slip  out,  and  neat  applied  beneath.  The  current  of 
air  passing  upward  through  the  tube  during  the  heating  process  has  an 
oxidizing  effect.  The  special  phenomena  to  be  observed  are  the  formation  of 
a  subli7nateeLni  the  odor  of  the  escaping  gases.  The  acid  or  alkaline  character 
of  the  vapors  is  tested  for  in  the  same  way  as  with  the  closed  tube.  Fluorides^ 
when  heated  in  the  open  tube  with  previously  fused  salt  of  phosphorus,  yield 
hydrofluoric  acid,  which  gives  an  acid  reaction  with  test-paper,  has  a  peculiar 
pungent  odor,  and  corrodes  the  glass. 

The  more  important  sublimates  are  as  follows: 

Substance.             *  Sublimate  in  the  Open  Tube. 

Arsenic  trioxide  (AsaOs) White,  crystalline,  volatile. 

Antimony  antimonate  (SbjO*)  Straw-yellow,   hot;  white,    cold.     Infusible,   non-volivtile» 

amorphous.      Obtained   from   stibnite.    also  the   siilph* 
antimonites   (e.g.,    bournonite)  as  dense  white    fumes. 
Usually  accompauied  by  the  followiuf^: 
Antimony  trioxide  (SbaOs)...  White,  crystalline,  slowly  volatile.     From  native  antimony 

and  compounds  not  containing  sulphur.* 

Tellurium  dioxide  (TeOa) White  to  pale  yellow  globules. 

Selenium  dioxide  (SeOa) White,  crystalline,  volatile. 

Molybdenum  trioxide  (M0O3)  Pale  yellow,  hot;  white,  cold. 

Mercury  (Hg) Gray  metallic  globules,  easily  united  by  rubbing. 

It  is  also  to  be  noted  that  if  the  heating  process  is  too  rapid  for  full  oxidation,  subli- 
mates, like  those  of  the  closed  tubes,  may  be  formed,  esperially  with  sulphur  (vellow\  'arsenic 
(black),  arsenic  sulphide  (orange),  mercury  sulphide  (black),  antimony  oxysulphide  (blnck 
to  reddish  brown). 

3.  Heating  on  Charcoal. 

481.  The  fragment  (or  powder)  to  be  examined  is  placed  near  one  end  of 
the  piece  and  this  so  held  that  the  flame  passes  along  its  lengtli;  a  slight 
ridge  to  prevent  the  mineral  being  blown  off  is  sometimes  usefnl.  If  the 
mineral  decrepitates,  it  may  be  powdered,  mixed  with  water,  and  then  the 
material  employed  as  a  paste. 

The  reducing  flame  is  employed  if  it  is  desired  to  reduce  a  metal  (e,(/.^ 
silver. copper)  from  its  ores:  this  is  the  common  case.     If,  however,  the  mineral 

*  The  distinction  here  made  is  important;  cf.  Penfield.  revised  edition  of  Brush's  Deter- 
minative Mineralogy,  1896. 
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is  to  be  roasted,  that  is,  heated  in  contact  with  the  air  so  as  to  oxidize  and 
volatilize,  for  example,  the  sulphur,  arsenic,  antimony  present,  the  oxidizing 
flame  is  needed  and  the  mineral  should  be  in  powder  and  spread  out. 
The  points  to  be  noted  are  as  follows: 

(a)  The  odor  given  off  after  short  heating.  In  this  way  the  presence  of 
sulphur,  arsenic  (garlic  or  alliaceous  odor),  and  selenium  (odor  of  decayed 
horseradish)  may  be  recognized. 

(b)  Ftision. — In  the  case  of  the  salts  of  the  alkalies  the  fused  mass  is 
absorbed  into  the  charcoal;  this  is  also  true,  after  long  heating,  of  the  car« 
bonates  and  sulphates  of  barium  and  strontium.     (Art.  484.) 

(d)  The  Sublimate, — By  this  means  the  presence  of  many  of  the  metals 
may  be  determined.  The  color  of  the  sublimate,  both  near,  the  assay  (N)  and 
■at  a  distance  (D),  as  also  when  hot  and  when  cold,  is  to  be  noted. 

The  important  sublimates  are  the  following: 

8ub8tano9.  8u  limate  on  Charcoal., 

Areeuic  trioxide  (AsaO*) White,   very  volatile,  distunt  from  the  assay;  also 

garlic  fumes. 

ADtimony  oxides  (SbiOs  and  SbtOi)  Douse  white,  volatile;  forms  uear  the  assay. 

2inc  oxide  (ZnO) Canary  yellow,    hot ;    while,    cold :    moistened    with 

cobalt  nitrate  aud  ignited  (O.F.)  becomes  greeu. 

Molybdenum  trioxide  (MoOt) Pale  yellow,  hot;  yellow,  cold;  touched  for  a  moment 

with  the  U.F.  becomes  azure-blue*.  Also  a  copper- 
red  sublimate  (M0O9)  uear  the  assay. 

Lead  oxide  (PbO) Dark  yellow,   hot;    pale  yellow,  cold.     Also  (from 

sulphides)  dense  white  (resembling  antimony),  a 
mixture  of  oxide,  sulphite,  and  sulphate  of  lead. 

Bismuth  trioxide  (BiaOs) Dark  orange-yellow  (N),  paler  on  coqling;  also  bluish 

white  (D).     See  further,  p.  265. 

Cadmium  oxide  (CdO) Nearly  black  to  reddish  brown  (N)  and  orange  yellow 

(D);  often  iridescent. 

To  the  above  are  also  to  be  added  the  following: 

Selenium  dioxide  SeOa.  sublimate  steel-gray  (N)  to  white  tinged  with  red  (D);  touched 
with  R.F.  gives  an  azure-blue  flame;  also  an  offensive  selenium  odor. 

Tellurium  dioxide,  TeO,,  sublimate  dense  white  (N)  to  gray  (D);  in  R.P.  volatilizes 
with  green  flame. 

Tin  dioxide.  SnO,,  sublimate  faint  yellow  hot  to  white  cold;  becomes  bluish  green 
when  moistened  with  cobalt  solution  and  ignited. 

Silver  (with  lead  and  antimony),  sublimate  reddish. 

(e)  The  Infusible  Residue, — This  may  (1)  glow  brightly  in  the  O.F.,  indi- 
cating the  presence  of  calcium,  strontium,  magnesium,  zirconium,  zinc,  or  tin. 
(2)  It  may  give  an  alkaline  reaction  after  ignition :  alkaline  earths.  (3)  It 
may  be  magnetic,  showing  the  presence  of  iron  (or  nickel).  (4)  It  may  yield 
a  globule  or  mass  of  a  metal  (Art.  482). 

482.  Beduction  on  Charcoal. — In  many  cases  the  reducing  flame  alone 
suffices  on  charcoal  to  separate  the  metal  from  the  volatile  element  present, 
with  the  result  of  giving  a  globule  or  metallic  mass.  Thus  silver  is  obtained 
from  argentite  (Afir,S)  and  cerargyrite  (AgCl);  copper  from  chalcocite  (Cu,S) 
and  cuprite  (Cu^O),  etc.  The  process  of  reduction  is  always  facilitated  by  the 
use  of  soda  as  a  flnx,  and  this  is  in  many  cases  (sulpharsenites,  etc.)  essential. 

The  finely  pulverized  mineral  is  intimately  mixed  with  soda,  and  a  drop  of 
water  added  to  form  a  paste.  This  is  placed  in  a  cavity  in  the  charcoal,  and 
«ubjected  to  a  strong  reducing  flame.  More  soda  is  added  as  that  present 
«inks  into  the  coal,  and,  after  the  process  has  been  continued  some  time,  a 
metallic  globule  is  often  visible,  or  a  number  of  them^  which  can  be  removed 
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and  separately  examined.  If  not  distinct,  the  remainder  of  the  flux,  the  assay^ 
and  the  surrounding  coal  are  cut  out  with  a  knife,  and  the  whole  ground  np 
in  a  mortar,  with  the  addition  of  a  little  water.  The  charcoal  is  carefully 
washed  away  and  the  metallic  globules,  flattened  out  by  the  process,  remain 
behind.  Some  metallic  oxides  are  very  readily  reduced,  as  lead,  while  others, 
as  copper  and  tin,  require  considerable  skill  and  care. 

The  metals  obtained  (in  globules  or  as  a  metallic  mass)  may  be:  iron, 
nickel,  or  cobalt,  recognized  by  their  being  attracted  by  the  magnet;  copper, 
color  red;  bis^nufh,  lead-gray,  brittle;  gold,  yellow,  not  soluble  in  nitric  acid; 
silver,  white,  soluble  in  nitric  acid,  the  solution  giving  a  silver  chloride  pre- 
cipitate (p.  255) ;  tin,  white,  harder  than  silver,  soluble  in  nitric  acid  with 
separation  of  white  powder  (SnO,);  lead,  lead -gray  (oxidizing),  soft  and 
fusible.  The  coatings  (see  the  list  of  sublimates  above)  often  serve  to  identify 
the  metal  present. 

The  metals  obtained  may  be  also  tested  with  borax  on  the  platinum  wire. 

483.  Detection  of  Sulphur  in  Sulphates. — By  means  of  soda  on  charcoal 
the  presence  of  sulphur  in  the  sulphates  may  be  shown,  though  they  do  not 
yiela  it  upon  simple  heating.  When  soda  is  fused  on  charcoal  with  a  com- 
pound of  sulphur  (sulphide  or  sulphate),  sodium  sulphide  is  formed,  and  if 
much  sulphur  is  present  the  mass  will  have  the  hepar  (liver- brown)  color.  In 
any  case  the  presence  of  the  sulphur  is  shown  by  placing  the  fused  mass  on  a 
clean  surface  of  silver,  and  adding  a  drop  of  water;  a  black  or  yellow  stain 
of  silver  sulphide  will  be  formed.  Illuminating  gas  often  contains  sulphur,. 
and  hence,  when  it  is  used,  the  soda  should  be  first  tried  alone  on  charcoal,, 
and  if  a  sulphur  reaction  is  obtained  (due  to  the  gas),  a  candle  or  lamp  must 
be  employed  in  the  place  of  the  gas. 

484.  It  is  also  useful  in  the  case  of  many  minerals  to  test  their  fusibility 
or  infusibility  with  soda,  generally  on  the  platinum  wire.  Silica  forms  if  not 
in  excess  a  clear  glass  with  soda,  so  also  titanic  acid.  Salts  of  barium  and 
strontium  are  fusible  with  soda,  but  the  mass  is  absorbed  by  the  coal.  Many 
silicates,  though  alone  diflBcultly  fusible,  dissolve  in  a  little  soda  to  a  clear 
glass,  but  with  more  soda  they  form  an  infusible  mass.  Manganese,  when 
present  even  in  minute  quantities,  gives  a  bluish-green  color  to  the  soda  bead. 

4.  Treatment  on  the  Platinum  Wire. 

486.  Use  of  the  Fluxes. — The  three  common  fluxes  are  borax,  salt  of 
phosphorus,  and  carbonate  of  soda  (p.  254).  They  are  generally  used  with  the 
platinum  wire,  less  often  on  charcoal  (see  p.  260).  If  the  wire  is  employed  it 
must  have  a  small  loop  at  the  end;  this  is  heated  to  redness  and  dipped  into 
the  powdered  flux,  and  the  adhering  particles  fused  to  a  bead;  this  operation 
is  repeated  until  the  loop  is  filled.  Sometimes  in  the  use  of  soda  the  wire  may 
at  first  be  moistened  a  little  to  cause  it  to  adhere. 

When  the  bead  is  ready  it  is,  while  hot,  brought  in  contact  with  the  pow- 
dered mineral,  some  of  which  will  adhere  to  it,  and  then  the  heating  process 
may  be  continued.  Very  little  of  the  mineral  is  in  general  required,  and  the 
experiment  should  be  commenced  \v\i\\  a  minute  quantity  and  more  added  if 
necessary.  The  bead  must  be  heated  successively  first  in  the  oxidizing  flame 
(O.F.)  and  then  in  the  reducing  flame  (K.F.),  and  in  each  case  the  color  noted 
when  hot  and  when  cold.  The  phenomena  connected  with  fusion,  if  it  takes 
place,  must  also  be  observed. 

Minerals  containing  sulphur  or  nrsenic.  or  both,  must  be  first  roasUd  (see  p.  261)  till 
tbes<i  substances  have  been  volatilized.     If  too  nuich  of  the  mineral  has  been  added  and  the- 
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bead  is  hence  too  opaque  to  show  the  color,  it  may,  while  hot,  be  flattened  out  with  the 
hammer,  or  drawu  out  into  a  wire,  or  part  of  it  may  be  removeii  and  the  remainder  diluted 
with  more  of  the  flux. 

With  salt  of  phosphorus,  the  wire  should  be  held  above  the  flame  so  that  the  escaping 
gases  may  support  tbe  bead;  tbis  is  continued  till  quiet  fusiou  is  aitaiued. 

It  is  to  be  uot^  that  tbe  colors  vary  much  with  tlie  umouut  of  material  present;  they 
are  also  modified  by  the  presence  of  other  metals. 

486.  Borax. — The  following  list  enumerates  the  different  colored  beads 
obtained  with  borax,  both  in  the  oxidizing  (O.F.)  and  reducing  flames  (R.F.), 
and  also  the  metals  to  the  presence  of  whose  oxides  the  colors  are  due.  Com- 
pare further  the  reactions  given  in  the  list  of  elements  (Art.  488). 

Color  in  Borax  Bead.  Substance. 

1.  Oxidizing  Flame. 

Colorless,  or  opaque  white...  Silica,  calcium,  aluminium;  also  silver,  zinc,  etc. 

Iron,  cold— (pule  yellow,  hot,  if  in  small  amount). 

Red,  red-brown  to  brown. . . .  Chromium  (CrO>),  hot— (yellowish  green,  cold). 

Manganese  (MnaOs).  amethysline-red— (violet,  hot). 
Iron  (FcaOa),  hot— (yellow,  cold)— if  saturated. 
Nickel  (NiO).  red-brown  to  brown,  cold — (violet,  hot). 
Uranium  (U0»),  hot— (yellow,  cold). 

Green Copper  (CuO),  hot — (blue,  cold,  or  bluish  green  if  highly 

saturated). 
Chromium  (CrO»),  yellowish  green,  cold— (red,  hot). 

Yellow Iron  (FeaO»),   hot — (pale   yellow  to  colorless,    cold)— but 

red-brown  and  yellow  if  saturated. 

Uranium  (UOs),  hot,  if  in  small  amount;  paler  on  cooling. 

Chromium  (CrOs),  hot  and  in  small  amouut^yellowisU 
green,  cold). 

Blue Cobalt  (CoO),  hot  and  cold. 

Copper  (CuO),  cold  if  highly  saturated— (green,  hot), 

Violet Nickel  (NiO).  hot— (red-brown,  cold). 

Manganese  (MuaOs),  hot — (amethystine-red,  cold). 

2.  Reducing  Flamb  (R.F.). 

Colorless Manganese  (MnO),  or  a  faint  rose  color. 

Red Copper  (Cu^O,  with  Cu),  opaque  red. 

Qreen Iron  (FeO),  bottle-green. 

Chromium  (CraOs),  emerald-green. 

Uranium  (UaOi),  yellowish  green  if  saturated. 

Blue , Cobalt  (CoO),  hot  and  cold. 

Gray,  turbid Nickel  (Ni). 

487.  Salt  of  Phosphoms. — This  flux  rives  for  the  most  part  reactions 
similar  to  those  obtained  with  borax.  The  only  cases  enumerated  here  are 
those  which  are  distinct,  and  hence  those  where  the  flux  is  a  good  test. 

With  silicates  this  flux  forms  a  glass  in  which  the  bases  of  the  silicate  nro 
dissolved,  but  the  silica  itself  is  left  insoluble.  It  appears  as  a  skeleton  readily 
seen  floating  about  in  the  melted  bead. 

The  colors  of  the  beads,  and  the  metals  to  whose  oxides  these  are  due,  are: 

Color.  Substance. 

Red Chromium  In  O.F.,  hot — (fine  green  when  cold). 

Green Chromium  in  O.F.  and  R.F.,  when  cold— (red  in  O.F.,  hot). 

Molybdenum  in  R.F.,  dirty  green,  hot;  fine  green,  cold — (yellow-greeu 

in  O.F.). 
Uranium  in  R.F.,  cold;  yellow-green,  hot, 

Vaiimliiim.  chrome- green  in  R.P.,  cold — (brownish  red,  hot).     In  O.F. 
dark  yellow,  hot,  paler  on  cooling. 
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Ck>lor.  Substance. 

Yellow Molybdeuum,  yellowish  green  iu  O.F..  hot,  paler  on  cooling— (in  R.F., 

cfirty  grceD,  hot;  fiue  greeu,  cold). 
UruDium  in  O.F.,  hoi;  yellowish  gieeu,  cold— (in  R.F.,  yellowish  green, 

hot;  green,  cold). 
Vanadium  in  O.F.,   dark  yellow,   hot,   paler  on    cooling — (in  R.F., 
brownish  red,  hot;  chrome-green,  cold). 

Violet Titanium  (TiOa)  iu  R.F. ^yellow,  hot.     (Also  In  O.F.  yellow,  hot;  color- 
less, cold.) 

Characteristic  Reactions  of  the  Important  Elements  and  of  some 

OF  their  Compounds. 

488.  The  following  list  contains  the  most  characteristic  reactions,  chiefly 
before  the  blowpipe  and  in  some  cases  also  in  the  wet  way,  of  the  dif- 
ferent elements  and  their  oxides.  It  is  desirable  for  every  student  to  gain 
familiarity  with  them  by  trial  with  as  many  minerals  as  possible.  Many  of 
them  have  already  been  briefly  mentioned  in  the  preceding  pages.  For  a 
thoroughly  full  description  of  these  and  other  characteristic  tests  (blowpipe 
and  otherwise)  reference  should  be  made  to  the  volume  by  Brush  and  Penfield 
referred  to  on  p.  256. 

It  is  to  be  remembered  that  while  the  reaction  of  a  single  substance  may 
be  perfectly  distinct  if  alone,  the  presence  of  other  substances  may  more  or 
less  entirely  obscure  these  reactions;  it  is  consequently  obvious  that  in  the 
actual  examination  of  minerals  precautions  have  to  be  taken,  and  special 
methods  have  to  be  devised,  to  overcome  the  difficulty  arising  from  this  cause. 
These  will  be  gathered  from  the  ** pyrognostic  characters"  (Pyr.)  given  in  con- 
nection with  the  description  of  each  species  in  the  Third  Part  of  this  work. 

For  many  substances  the  most  satisfactory  and  delicate  tests  are  those 
which  have  been  given  by  Bunsen  in  his  important  paper  on  Flame-reactions.* 
The  methods,  however,  require  for  the  most  part  so  much  detailed  explana- 
tion, that  it  is  only  possible  here  to  make  this  general  reference  to  the  subject. 

Aluminium. — The  preseuce  of  alumiDium  id  most  infusible  minerals,  containing  a  con- 
sideruble  amount,  may  be  detected  by  the  blue  color  which  they  assume  when,  after  bein|^ 
heated,  they  are  moistened  with  cobalt  solution  and  again  ignited  {e.g.,  cyanite,  andftlusite, 
etc.).  ^'ery  hard  minerals  (as  corundum)  must  be  first  finely  pulverized.  The  test  is  not 
conclusive  wiih  fusible  minerals  since  a  ^lass  colored  blue  by  cobalt  oxide  miiy  be  formed. 
It  is  to  be  noted  that  the  infusible  calamine  (zinc  silicate)  also  assumes  a  blue  color  when 
treated  with  cobalt  nitrate. 

Antimony. — Autimonial  minerals  roasted  on  charcoal  give  dense  white  inodorous  fumes; 
metallic  antimony  and  its  sulphur  compounds  give  in  the  open  tube  a  white  sublimate  of 
oxide  of  antimony  (see  p.  260).  Antimony  sulphide  (stibnite),  also  many  sulphantimonites. 
give  in  a  strong  heat  in  the  closed  tube  a  sublimate  of  antimony  oxysulphide,  black  when 
hot,  brown-red  when  cold.     See  also  p.  260. 

In  nitric  acid,  compounds  containing  antimony  deposit  white  insoluble  metantimonic 
acid. 

Arsenic. — Arsenides,  sulpharsenites,  etc.,  give  off  fumes  when  roasted  on  charcoal, 
usually  easily  recognized  by  their  peculiar  garlic  odor.  In  the  open  tube  they  give  a  white, 
volatile,  crystalline  sublimate  of  arsenic  trioxide.  In  the  closed  tube  arsenic  sulphide 
gives  a  sublimate  dark  brown-red  when  hot,  and  red  or  reddish  yellow  when  cold;  arsenic 
and  some  arsenides  yield  a  black  mirror  of  metallic  arsenic  in  the  closed  tube.  In  arsenates 
the  arsenic  can  be  detected  by  the  garlic  odor  yielded  when  a  mixture  of  the  powdered 
mineral  with  charcoal  dust  and  sodium  carbonate  Is  heated  (R  F.)  on  charcoal. 

Barium. — A  yellowish- green  coloration  of  the  fiarae  is  given  by  all  barium  salts,  except 
the  silicates;  an  alkaline  reaction  is  usually  obtained  after  intense  ignition. 


*  Flammenreactionen,  Lieb.  Ann.,  138,  257,  1866,  or  Phil.  Mag.,  32.  81,  1866. 
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Id  soluii  .1)  ihe  presence  of  barium  is  proved  by  the  heavy  white  precipitate  (BaSO*) 
formed  upou  the  addition  of  dilute  sulphuric  acid. 

Bismut/i. —On  charcoal  alone,  or  better  with  soda,  bismuth  gives  a  very  characteristic 
orange-yellow  sublimate;  brittle  globules  of  the  reduced  metal  are  also  obtained  (with 
soda).  Also  when  treated  with  3  or  4  times  the  volume  of  a  mixture  in  equal  parts  of 
potassium  iodide  and  sulphur,  and  fused  on  charcoal,  a  beautiful  red  sublimate  of  bismuth 
iodide  is  obtaiued;  near  the  mineral  the  coating  is  yellow. 

Boron, — Many  compounds  containiug  boron  (borates,  also  the  silicates  datolite,  danbur- 
ite.  etc.)  tinge  ihe  tiame  intense  yellowish  green,  especially  if  moistened  with  sulphuric 
acid.  For  some  silicates  (as  tourmaline)  the  best  method  is  to  mix  the  powdered  mineral 
with  one  part  powdered  tluorite  and  two  parts  potassium  bisulphate.  The  mixture  is 
moistened  and  placed  on  p.aiinum  wire.  At  the  moment  of  fusion  the  green  color  appears, 
but  lusts  hut  a  monieut. 

A  dilute  hytirochloric  acid  solution  containing  boron  gives  a  reddish-brown  color  to 
turmeric  paper  which  has  been  moistened  with  it  and  then  dried  at  100*';  the  color  changes 
to  black  when  ammonia  is  poured  on  the  paper. 

Calcium.— ^Auy  calcium  minerals  (carbonates,  sulphates,  etc.)  give  an  alkaline  reaction 
on  turmeric  paper  after  being  ignited.  A  yellowish-red  color  is  given  to  the  flame  by  some 
compounds  {e.g.,  cnlcite  after  moistening  with  HCl);  the  strontium  flame  is  a  much  deeper 
red. 

In  solutions  (not  too  acid)  calcium  is  precipitated  as  oxalate  by  the  addition  of  ammonium 
oxalate. 

Cadmium. — On  charcoal  with  soda,  compounds  of  cadmium  give  a  characteristic  sub- 
limate of  the  reddish-brown  oxide. 

Carbonates. — All  carbonates  effervesce  with  dilute  hydrochloric  acid,  yielding  the  odor- 
less gas  CO9  {e.g.,  calcite);  many  require  to  be  pulverized,  and  some  necKl  the  addition  of 
heat  (dolomite,  siderite).     Carbonates  of  lead  should  be  tested  with  nitric  acid. 

Chlorides. — If  a  small  portion  of  a  mineral  containing  chlorine  (a  chloride,  also  pyro- 
morphite,  etc.)  is  added  to  the  bead  of  salt  of  phosphorus,  saturated  with  copper  oxide,  the 
bead  when  heated  is  instantly  surrounded  with  an  intense  purplish  flame  of  copper  chloride. 

In  solution  chlorine  gives  with  silver  nitrate  a  white  curdy  precipitate  of  silver  chloride, 
which  darkens  in  color  on  exposure  to  the  light;  it  is  insoluble  in  nitric  acid,  but  entirely 
80  in  ammonia. 

Chromium. — Chromium  gives  with  borax  a  bead  which  (O.F.)  is  yellow  to  red  (hot)  and 
yellowish  gi*een  (cold)  and  K.F.  a  fine  emerald -green.  With  salt  of  phosphorus  in  O.F. 
the  bead  is  dirty  green  (hot)  and  clear  green  (cold);  in  R.F.  the  same.  Cf.  Vanadium 
beyond  (also  p.  268). 

Cobalt — A  beautiful  blue  bead  is  obtained  with  borax  in  both  flames  from  minerals 
containing  cobalt;  the  color  may  be  obscured  by  considerable  iron  or  nickel  unless  these 
are  first  oxidized  off  (p.  132).  Where  sulphur  or  arsenic  is  present  the  mineral  should 
first  be  thoroughly  roasted  on  charcoal. 

Copper. — On  charcoal,  at  least  with  soda,  metallic  copper  can  be  reduced  from  most  of 
its  compoimds.  With  borax  it  gives  (O.F.)  a  green  bead  when  hot,  becoming  blue  when 
cold;  also  (R.F.),  if  saturated,  an  opaque  red  bead  containing  CuaO  and  often  Cu  is 
obtained. 

Most  metallic  compounds  are  soluble  in  nitric  acid.  Ammonia  produces  a  green  pre- 
cipitate in  the  solution,  which  is  dissolved  when  an  excess  is  added,  the  solution  taking  an 
intense  blue  color. 

jPVM<?rt /I e.— Heated  in  the  closed  tube  many  fluorides  give  off  fumes  of  hydrofluoric  acid, 
which  react  acid  with  test-paper  and  etch  the  glass.  Sometimes  potassium'bisulphate  must 
be  added  (see  also  p.  260). 

Heated  gently  in  a  platinum  cnicible  with  sulphuric  acid,  many  compounds  {e.g.. 
fluorite)  give  off  liydrofluoric  acid,  which  corrodes  the  exposed  parts  of  a  glass  plate  placeil 
over  it  which  has  been  coated  with  wax  and  then  scratched. 

Iron. — With  borax  iron  pives  a  bead  (O.F.)  which  is  yellow  to  brownish  red  (according 
to  quantity)  while  hot,  but  is  colorless  to  yellow  on  cooling;  R.F.  becomes  bottle-green 
(see  p.  263).  Minerals  which  contain  even  a  small  amount  of  iron  yield  a  magnetic  mass 
when  heated  in  the  reducing  flame. 

Tjead,—Vf\\\\  soda  on  charcoal  a  malleable  globule  of  metallic  lead  is  obtained  from  lead 
compounds;  the  coating  has  a  yellow  color  near  the  assay;  the  sulphide  gives  also  a  white 
coating  (PbSOj)  farther  off  (p.  261).  On  being  touched  with  the  reducing  flame  the  coat- 
ing disappears,  tingeing  the  flame  azure-blue. 

In  solutions  dilute  sulphuric  acid  gives  a  white  precipitate  of  lead  sulphate;  when 


266  CHEMICAL   MINERALOGY. 

delicacy  is  required  an  excess  of  the  acid  is  added,  the  solution  evaporated  to  dryness,  and 
water  added;  the  lead  sulphate,  if  present,  will  then  be  left  as  a  residue. 

Liifiium. — Lithium  gives  an  intense  carmine-red  to  tbe  outer  flame,  the  color  somewhat 
resembling  that  of  the  strontium  flame  but  is  deeper;  in  very  small  quantities  it  is  evident 
in  the  spectroscope. 

Magnesium. — Moistened,  after  heating,  with  cobalt  nitrate  and  again  ignited,  a  pink 
color  is  obtained  from  some  infusible  compounds  of  magnesium  (e,g.,  brucite). 

Manganese. — With  borax  manganese  gives  a  bead  violet- red  (O.F.),  and  colorless  (R.F.). 
With  soda  (O.F.)  it  gives  a  bluish-green  bead;  this  reaction  is  very  delicate  and  may  be 
relied  upon,  even  in  presence  of  almost  any  other  metal. 

Mercury. — In  the  closed  tube  a  sublimate  of  metallic  mercury  is  yielded  when  the 
mineral  is  heated  with  dry  sodium  carbonate.  In  the  open  tube  the  sulphide  gives  a  mirror 
of  metallic  mercury;  in  the  closed  tube  a  black  lusierless  Sublimate  of  UgS,  red  when 
rubbed,  is  obtained. 

Molybdenum. — On  charcoal  molybdenum  sulphide  gives  near  the  assay  a  copper- red 
stain  (O.F.),  and  beyond  a  white  coating  of  the  oxide;  the  former  becomes  azure-blue  when 
for  a  moment  touched  with  ihe  R.F.  The  salt  of  phosphorus  bead  (O.F.)  is  yellowish 
green  (iiot)  and  nearly  colorless  (cold);  also  (R.F.)  a  fine  green. 

Niekel.—yf'W.h  borax,  nickel  oxide  gives  a  bead  which  (O.F.)  is  violet  when  hot  and 
red-brown  on  cooling;  (li.F.)  tbe  glass  becomes  gray  and  turbid  from  the  separation  of 
metallic  nickel. 

Niobium  (Columbium). — An  acid  solution  boiled  with  metallic  tin  gives  a  blue  color. 
The  reactions  with  the  fluxes  are  not  very  satisfactory. 

Nitrates. — These  detonate  when  heated  on  charcoal.  Heated  in  a  tube  with  sulphuric 
acid  they  give  off  red  fumes  of  nitrogen  dioxide  (NO9). 

PhospJu/rus. — Most  phosphates  impart  a  green  color  to  the  flame,  especially  after  having 
been  moistened  with  sulphuric  acid,  though  this  test  may  be  rendered  unsatisfactory  by 
the  presence  of  other  coloring  aeents.  If  they  are  used  in  the  closed  tube  with  a  fragment 
of  metallic  magnesium  or  sodium,  and  afterward  moistened  with  water,  phosphureted 
hydrogen  is  given  off,  recognizable  by  its  disagreeable  odor. 

A  few  drops  of  a  nitric  acid  solution,  containing  phosphoric  acid,  produces  in  a  solu- 
tion of  ammonium  molybdate  a  pulverulent  yellow  precipitate  of  ammonium  phospho- 
molybdate. 

Potassium. — Potash  imparts  a  violet  color  to  the  flame  when  alone.  It  is  best  detected 
in  small  quantities,  or  when  soda  or  liihia  is  present,  by  the  aid  of  the  spectroscope.  See 
also  p.  259. 

Selenium. — On  charcoal  selenium  fuses  easily,  giving  off  brown  fumes  with  a  peculiar 
disagreeable  organic  odor;  Ibe  sublimate  on  charcoal  is  volatile,  and  when  heated  (li.F.) 
gives  a  fine  azure-blue  flame. 

Silicon. — A  small  fragment  of  a  silicate  in  the  salt  of  phosphorus  bead  leaves  a  skeleton 
of  silicA,  the  bases  being  dissolved. 

.  If  a  silicate  in  a  fine  powder  is  fused  with  sodium  carbonate  and  the  mass  then  dissolved 
in  hydrochloric  acid  and  evaporated  to  dryness,  the  silica  is  made  insoluble,  and  when 
strong  hydrochloric  acid  is  added  and  then  water,  the  bases  are  dissolved  and  the  silica  left 
behind. 

Many  silicates,  especially  those  which  are  hydrous,  are  decomposed  by  strong  hydro- 
chloric acid,  the  silica  separating  as  a  powder  or,  after  evaporation,  as  a  jelly  (see  p.  2rM). 

Siher. — On  charcoal  in  O.F.  silver  gives  a  brown  coating.  A  globule  of  metallic  silver 
may  generally  be  obtained  by  lieaiing  on  charcoal  in  O.F.,  especially  if  soda  is  added. 
Under  some  circumstances  it  is  desirable  to  have  recourse  to  cupellation. 

From  a  solution  containing  any  salt  of  silver,  the  insoluble  chloride  is  thrown  down 
when  hydrochloric  acid  is  added.  This  precipitate  is  insoluble  in  acid  or  water,  but 
entirely  so  in  Ammonia.     It  changes  color  on  exposure  to  the  light. 

iS^?'ow ft Mw.— Compounds  of  strontium  are  usually  i*ecognized  by  the  fine  crimson-red 
which  they  give  to  the  blowpipe  flame;  many  yield  an  alkaline  reaction  after  ignition. 
(Cf.  barium.) 

Sodium. — Compoimds  containing  sodium  in  large  amount  give  a  strong  yellow  flame. 

Sulphur,  Sulphides,  Sulphates. — In  the  closed  tube  some  sulphides  give  off  sulphur;  in 
the  open  tube  they  yield  sulphur  dioxide,  which  has  a  characteristic  odor  and  reddens  a 
strip  of  moistened  litmus  paper.  In  small  quantities,  or  in  sulphates,  sulphur  is  best 
detected  by  fusion  on  charcoal  with  soda.  The  fused  mass,  when  sodium  sulphide  has- 
thus  been  formed,  is  placed  on  a  clean  silver  coin  and  moistened;  a  distinct  black  stain  on 
the  silver  is  thus  obtained  (the  precaution  mentioned  on  p.  262  must  be  exercised). 
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Determinative  Mineralogy. 

488.  Determinative  Mineralogy  may  be  properly  considered  under  the 
general  head  of  Chemical  Mineralogy,  since  the  determination  of  minerals 
depends  mostly  upon  chemical  tests.  But  crystallographic  and  all  the  physical 
characters  have  also  to  be  used. 

There  is  but  one  exhaustive  way  in  which  the  identity  of  an  unknown 
mineral  may  in  all  cases  be  fixed  beyond  question,  and  that  is  by  the  use  of  a 
complete  set  of  determinative  tables.  By  means  of  such  tables  the  mineral  in 
hand  is  referred  successively  from  a  general  group  into  a  more  special  one, 
until  at  last  all  other  species  have  been  eliminated,  and  the  identity  of  the  one 
given  is  beyond  doubt. 

A  careful  preliminary  examination  of  the  unknown  mineral  should,  how- 
ever, always  be  made  before  final  recourse  is  had  to  the  tables.  This  examina- 
tion will  often  suffice  to  show  what  the  mineral  in  hand  is,  and  in  any  case  it 
should  not  be  omitted,  since  it  is  only  in  this  way  that  a  practical  familiarity 
with  the  appearance  and  characters  of  minerals  can  be  gained. 

The  student  will  naturally  take  note  first  of  those  characters  which  are  at 
once  obvious  to  the  senses,  that  is:  crt/stalline  form,  if  distinct;  general  struc^ 
tare,  cleavage,  fracttf re,  luster,  color  (and  streak),  feel;  also,  if  the  specimen  ia 
not  too  small,  the  apparent  weight  will  suggest  something  as  to  tne  specific 
gravity.  The  characters  named  are  of  very  unequal  importance.  Structure^ 
if  crystals  are  not  present,  and  fracture  are  generally  unessential  except  in 
distin.fi^uishing  varieties;  color  and  luster  are  essential  with  metallic,  but 
generally  very  unimportant  with  unmetallic,  minerals.  Streak  is  of  importance 
onlv  with  colored  minerals  and  those  of  metallic  luster  (p.  187).  Crystalline 
form  and  cleavage  are  of  the  highest  importance,  but  may  require  careful 
study. 

The  first  trial  should  be  the  determination  of  the  hardness  (for  which  end 
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the  pocket-knife  is  often  sufficient  in  experienced  hands).  The  second  trial 
«hould  be  the  determination  of  the  specific  gravity.  Treatment  of  the  pow- 
4]ered  mineral  with  acids  may  come  next;  by  this  means  (see  pp.  254,  255)  a  car- 
bonate is  readily  identified,  and  also  other  results  obtained.  Then  should  follow 
blowpipe  trials,  to  ascertain  the  fusibility;  the  color  ^ven  to  the  flame,  if  any; 
the  character  of  the  sublimate  given  off  in  the  tubes  and  on  charcoal;  the 
metal  reduced  on  the  latter;  the  reactions  with  the  fiuxes,  and  other  points 
as  explained  in  the  preceding  pages. 

How  much  the  obseryer  learns  in  the  above  way,  in  regard  to  the  nature 
of  his  mineral,  depends  upon  his  knowledge  of  the  characters  of  minerals  in 
general,  and  upon  his  familiarity  with  /the  chemical  behavior  of  the  various 
elementary  substances  with  reagents  and  before  the  blowpipe  (pp.  264  to  267). 
If  the  results  of  such  a  preliminary  examination  are  sufficiently  definite  to 
suggest  that  the  mineral  in  hand  is  one  of  a  small  number  of  species,  reference 
may  be  made  to  their  full  description  in  Part.  IV.  of  this  work  for  the  final 
<lecision. 

A  number  of  tables,  in  which  the  minerals  included  are  arranged  according 
to  their  crystalline  and  physical  characters,  are  added  in  the  Appendix.  They 
will  in  many  cases  aid  the  observer  in  reaching  a  conclusion  in  regard  to  a 
specimen  in  hand. 

The  first  of  these  tables  is  intended  to  include  all  well-defined  species, 
grouped  according  to  the  crystalline  system  to  which  they  belong  and  arranged 
under  each  system  in  the  order  of  their  specific  gravities;  the  hardness  is  also 
added  in  each  case.  The  relative  importance  of  tne  individual  species  is  shown 
bv  the  type  employed.  Following  tnis  are  minor  tables  enumerating  species 
cnaractenzed  by  some  one  of  the  prominent  crystalline  forms;  that  is,  those 
<3rystallizing  in  cubes,  octahedrons,  rhombohedrons,  etc.  Other  tables  give 
the  names  of  species  prominent  because  of  their  cleavage  ;  structure  of 
different  cypes;  hardness;  luster;  the  various  colors,  etc.  The  student  is 
recommended  to  make  frequent  use  of  these  tables,  not  simply  for  aid  in  the 
identification  of  specimens,  but  rather  because  they  will  help  him  in  the 
difficult  task  of  learning  the  prominent  characters  of  the  more  important 
minerals. 
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489.  Scope  of  Deferlptive  Mineralogy. — It  is  the  proTinoe  of  Descriptive 
Mineralogy  to  describe  each  mineral  species,  as  regards:  (1)  form  and  structure; 
(2)  physical  characters;  (3)  chemical  composition  and  allied  blowpipe  char- 
acters; (4)  occurrence  in  nature  with  reference  to  geographical  distribution 
and  association  with  other  species;  also  in  connection  with  the  above  to  show 
how  it  is  distinguished  from  other  species.  Further,  to  classify  mineral 
species  into  more  or  less  comprehensive  groups  according  to  those  characters 
regarded  as  most  essential.  Other  points  which  may  or  may  not  be  included 
are  the  investigation  of  the  methods  of  origin  of  minerals;  the  changes  that 
they  undergo  in  nature  and  the  results  of  such  alteration;  also  the  methods 
by  which  the  same  compounds  may  be  made  in  the  laboratory;  finally,  the 
uses  of  minerals  as  ores,  for  ornament  and  in  the  arts. 

490.  Scheme  of  Classification. — The  method  of  classification  adopted  in  this 
work,  and  the  one  which  can  alone  claim  to  be  thoroughly  scientific,  is  that 
which  places  similar  chemical  compounds  together  in  a  common  class  and 
which  further  arranges  the  mineral  species  into  groups  according  to  the  more 
minute  relations  existing  between  them  in  chemical  composition  and  in 
crystalline  form  and  other  physical  jjroperties. 

Upon  this  basis  there  are  recognized  eight  distinct  classes,  beginning  with 
the  ^Native  Elements;  these  are  enumerated  on  the  following  page.  Under 
each  of  these,  sections  of  different  grades  are  made,  also  based  on  chemical 
relationships.  Finally,  the  mineral  species  themselves  are  arranged,  as  far  as 
possible,  in  isomorphous  groups,  including  those  which  have,  at  once,  analo- 
gous chemical  composition  and  similar  crystallization  (see  Art.  456).  It  is 
unnecessary  to  take  the  space  here  to  develop  the  entire  scheme  of  classi- 
fication in  detail,  since  a  survey  of  the  successive  sub-classes  under  any  one  of 
the  divisions  will  make  the  principles  followed  entirely  clear.  A  few  remarks^ 
onlv,  are  added  for  sake  of  illustration. 

Under  the  Oxides,  for  example,  the  classification  is  as  follows:  First,  the 
Oxides  of  silicon  (quartz,  tridymite,  opal).  Second,  the  Oxides  of  the  semi- 
metals,  tellurium,  arsenic,  antimony,  bismuth,  also  molybdenum,  tungsten. 
Third,  the  Oxides  of  the  metals,  as  copper,  zinc,  iron,  manganese,  tin,  etc* 
The  third  section  is  then  subdivided  into  the  anhydrous  and  hydrous  species. 
Further,  the  former  fall  Into  the  four  divisions:  Protoxides,  R,0  and  RO;  Ses- 
quioxides,  R.O,;  Intermediate  oxides,  RO,RaO,;  Dioxides,  RO,.  Under  each 
of  these  heads  come  finally  the  individual  species,  arranged  so  far  as  possible 
in  isomorphous  groups.  Thus  we  have  the  Hematite  group,  the  Rutile 
group,  etc. 

In  regard  to  the  various  classes  of  salts  it  may  be  stated  that,  in  general^ 
they  are  separated  into  anhydrous,  acid,  basic  and  hydrous  sections;  the 
special  subdivisions  called  for,  however,  vary  in  the  different  oases. 

For  &n  explaDation  of  the  abbreviations  used  in  the  description  of  species,  see  p.  4. 
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SCHEME  OF  CLASSIFICATION. 

I.  Hatiye  Elexeitts. 
II.  Sulphides,  Selehibes,  TsLLintiDEs^  Absehibes,  Ahtikohibes. 

III.  Sulpho-8alt8._SULPHAB8EHITE8,  SVLPHAVTIICOVITES,  SlTLPHOBISXUTH- 

ITES. 

IV.  Haloids— CHL0BIBE8,  BBOXIDES,  IODIDES;  FLUORIDES. 

y.  Oxides. 

VI.  Oxygen  Salts. 

1.  Caebohates. 

2.  Silicates,  Titahates. 

3.  Niobates,  Tahtalates. 

4.  PHOsPHiLTEs,    Arsenates,    Yanabates;    Antixonates.    Hi- 

trates. 
6.  Borates.    TJranates. 

6.  Sulphates,  Chromates,  Tellurates. 

7.  tunostates,  moltbbates. 

VII.  Salts  of  Orgrauic  Acids:  Oxalates,  Mellates,  etc. 
VIII.  Htbrocarbon  Compounbs. 
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The  NATIVE  ELEMENTS  are  divided  into  the  two  distinct  sections  of  the 
Metals  and  the  Non-metals,  and  these  are  connected  by  the  transition  class  of 
the  Semi -metals.  The  distinction  between  them  as  regards  physical  characters 
and  chemical  relations  has  already  been  given  (Art.  437). 

The  only  non-metals  present  among  minerals  are  carbon,  sulphur,  and 
selenium ;  tne  last,  in  one  of  its  allotropic  forms,  is  closely  related  to  the  semi- 
metal  tellurium. 

The  native  semi-metals  form  a  distinct  group  by  themselves,  since  all 
crystallize  in  the  rhombohedral  system  with  a  fundamental  angle  differing  a 
few  degrees  only  from  90°,  as  shown  in  the  following  list : 


Tellurium,  rr'  =  93°    3'. 
Antimony,  rr'  =  92°  53'. 


Arsenic,  rr'  =  94°  54'. 
Bismuth,  rr'  =  92°  20'. 


An  artificial  form  of  selenium  is  known  with  metallic  luster  and  rhombo- 
hedral in  crystallization,  with  rr'  =  93°.  Zinc  (also  only  artif.)  is  rhombohe- 
dral {rr'  =  93°  46')  and  connects  the  semi-metals  to  the  true  metals. 

.Among  the  metals  the  isometric  Gold  group  is  prominent,  including  gold, 
silver,  copper,  mercury,  amalgam  (AgHg),  and  lead. 

Another  related  isometric  group  includes  the  metals  platinum,  iridium, 
palladium,  and  iron;  further  palladium  is  rhombohedral  and  also  iridosmine 
(IrOs). 

DIAMOND. 

Isometric  and  probably  tetrahedral,  but  the  +  and  —  forms  not  distin- 
guished. Commonly  in  octahedrons,  also  hexoctahedrons  and  other  forms; 
faces  frequently  rounded  or  striated  and  with  triangular  depressions  (on  o). 


676. 
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577. 


Twins  common  with  tw.  pi.  o.     Crystals  often  distorted.     In  spherical  forms; 
massive. 

Cleavage:  o  highly  perfect.  Fracture  conchoidal.  Brittle.  H.  =  10. 
G.  =  3'516-3'525  crystals.  Luster  adamantine  to  greasy.  Color  white  or 
colorless;  occasionally  various  pale  shades  of  yellow,  red,  orange,  green,  blue, 
brown;  sometimes  black.  Usually  transparent;  also  translucent,  opaque. 
Refractive  and  dispersive  power  high;  index  Wy  =  2*4195.     (See  Art.  306.) 

Var. — 1.  Ordinary.  In  crystals  usually  with  rouDded  faces  and  varying  from  those 
which  nre  colorless  and  free  from  flaws  (Jirsl  water)  through  many  faint  shades  of  color, 
yellow  the  most  common;  often  full  of  tiaws  and  hence  of  value  only  for  cutting  purposes. 
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2.  Bart  or  Boott;  rounded  forms  with  rough  exterior  and  rudiated  or  confused  crystal- 
line structure. 

3.  Carbofiado  or  Carbon;  black  diamond.  Massive,  crystalline,  ernnular  to  compact, 
without  cleavage.  Color  black  or  grayish  black.  Opaque.  Obtained  chietiy  from  Bahia» 
Brazil. 

Comp. — Pure  carbon;  the  variety  carbouado  yields  on  combustion  a  slight 
ash. 

Pyr.,  etc. — Unaffected  by  heat  except  at  very  high  temperatures,  when  (in  an  oxygen 
atmosphere)  it  burns  to  carbon  dioxide  (COs);  out  of  contact  with  the  air  trausfoimed  iuia 
H  kind  of  coke.     Not  acted  upon  by  acids  or  alkalies. 

Diff. — Distinguished  {e.g.,  from  quartz  crystal)  by  its  extreme  hardness  and  brilliant 
adamantine  luster;  the  form,  cleavage,  and  high  specific  gravity  are  also  distinctive  char- 
acters; it  is  optically  isotropic;  transparent  to  X-rays. 

Oba. — The  diamond  occurs  chiefly  in  alluvial  deposits  of  gravel,  sand,  or  clay,  asso^ 
ciated  with  quartz,  gold,  platinum,  zircon,  ociahedrite,  ruiile,  brookite,  hematite,  ilmenite» 
and  also  andalusite,  chrysoberyi,  topaz,  corundum,  tourmaline,  garnet,  etc.;  ihe  associated 
minerals  being  those  common  in  granitic  rocks  or  granitic  veins.  Also  found  in  quartzose 
conglomerates,  and  further  in  connection  with  the  laminated  granulur  quartz  rock  or 
quartzose  hydrouiica  schist,  iiaeolumyte,  which  in  thin  slabs  is  mure  or  less  flexible.  This 
rock  occurs  at  the  mines  of  Brazil  and  the  Urals;  and  also  in  Georgia  and  Noith  Carolina, 
where  a  few  diamonds  have  been  found. 

It  has  been  reported  as  occurring  in  situ  in  a  pegmatite  vein  in  gneiss  at  Bellary  in 
India.  It  occurs  further  in  connection  with  an  eruptive  peridotite  in  South  Africa.  It  has 
been  noted  as  grayish  particles  forming  one  per  cent  of  the  meteorite  which  fell  at  Novo- 
Urei,  Russia.  Sept.  22,  1886;  also  in  the  form  of  black  diamond  (H.  =  9)  in  the  meteorite 
of  Carcote.  Chili;  in  the  meteoric  iron  of  Cafion  Diablo,  Arizona.  It  has  been  formed 
artificially  by  Moissan. 

India  was  tiie  chief  source  of  diamonds  from  veiy  early  times  down  to  the  discovery  of 
the  Bnizilian  mines;  the  yield  is  now  small.  Of  the  localities,  that  in  southern  India,  in  the 
Madras  presidency,  included  the  famous  "Golconda  mines."  The  dinmond  deposits  of 
Brazil  have  been  worked  since  ihe  early  part  of  the  18th  century,  and  have  yielded  very 
largely,  although  at  the  present  time  the  amount  obtained  is  small.  The  irost  important 
region  was  that  near  Diamantina  in  the  province  of  Minns  Geraes;  also  from  Bahin,  etc. 

The  discovery  of  diamonds  in  South  Afnca  dates  from  1867.  They  were  fiist  found  in 
the  gravel  of  the  Vual  river;  they  occur  from  Potchefstroom  down  to  ihe  junction  wiih  ihe 
Orange  river,  and  along  the  latter  as  far  as  Hope  Town.  These  rivet'  diggings  are  new 
comparatively  uuproductivf,  and  have  been  nearly  abandoned  for  the  dry  diggings, 
discovered  in  1871. 

The  latter  are  chiefly  in  Grlqualand-West,  south  of  the  Vnal  river,  on  the  border  of  ihe 
Orange  Free  Stale.     There  are  here  a  number  of  limited  areas  approximateh-  spherical  or 
oval  in  form,  with  an  average  diameter  of  some  200  to  300  vards,  of  which  KimVerley,  De 
Beer's,  Du   Toil's   Pan  and  Bultfontein    are   the  most   important.     A  circle  *d\  miles  in 
diameter  encloses  the  four  principal  diamond  mines.     The  general  structure  is  similar:  a 
wall  of  nearly  horizontal  black  carbonaceous  shale  with   upturned  edges  enclosing  ihe 
diamantiferous  area.     The  upper  portion  of  the  deposit  consists  of  a  friable  mass  of  little 
coherence  of  a  pale  yellow  color,  called  the  *'  yellow  ground."     Below  the  reach  of  atmos- 
pheric influences,  the  rock  is  more  firm  and  of  a  bluish  green  or  greenish  color;  it  is  (ailed 
the   "blue  ground"  or  simply  "the  blue."     This  consists  essentially  of  a  serpt  niiuons 
breccia:  a  base  of  hydrated  magnesian  silicate  penetrated  by  calciie  and  opaline  silica  and 
enclosing  fragments  of  bronzite,  diallage,  also  garnet,  magnetite,  and  ilmeniie.  and  less 
commonly  smarngdite,  pyrile,  zircon,  etc.     The  diamonds  are  rather  abundantly  di^stnii- 
natcd  throuirh  the  mass,  in  some  claims  to  the  amount  of  4  to  6  carats  per  cubic  yard.     The 
original  rock  seems  to  have  been  a  peculiar  type  of  peridotite.     These  areas  nre  believ*  d 
to  be  volcanic  pipes,  and  the  occurrence  of  the  diamonds  is  obviously  connected  with  the 
(eruptive   outflow,  they  having  probably  been  brought  up  from  underlying  locks.     The 
Soutij  African  mines  in  Griqualand  up  to  June  1896  are  estimated  to  have  yielded  60 
million  carats  (13  tons)  of  diamonds,  valued  at  about  870  million  dollars. 

Diamonds  are  also  obtained  in  Borneo,  associated  with  platinum,  etc.;  in  Australia,  and 
the  Umls. 

In  the  U.  S.  a  few  crystals  have  been  met  with  in  No.  Carolina,  Georgia,  and  Virginia; 
several  have  been  found  In  Wisconsin,  also  in  California  at  several  points.  Reported  from 
Idaho  and  from  Oregon  with  platinum. 

Some  of  the  famous  diamonds  of  the  world  with  their  weights  are  as  follows:   the 
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KohiDoor,  which  weighed  when  hrou^t  to  England  186  carats,  and  as  recut  as  a  hrilliant. 
106  carats;  the  Orlov,  193  carats;  the  Regent  or  Pitt,  187  carats;  the  Florentine  or  Grand 
Duke  of  Tuscany,  183  carats;  the  Sancy,  53  carats.  The  "Star  of  the  South,"  found  ia 
Brazil  in  1853,  weighed  before  and  after  cutting  re8[)ectively  254  and  125  canits.  Also 
famous  because  of  the  rarity  of  their  coU)r  are  the  green  diamond  of  Dresden,  40  carats,  ami 
the  deep  blue  Hope  diamond  from  India,  weighing  44  carats.  The  history  of  the  above 
stones  and  of  others  is  given  in  many  works  on  gems. 

South  Africa  has  yielded  some  very  large  stones.  Among  these  may  be  mentioned  the 
following:  The  Victoria  (or  the  Imperial)  from  one  of  the  Kimberley  mines  weighed  as 
found  457  carats;  the  Stewart  weighed  before  and  after  cutting  288  and  120  carats  respect- 
ively: the  Tiffany  diamond,  of  a  brilliant  golden  yellow,  weighs,  cut  as  a  double  brilliant, 
125  carats.  The  Excelsior  from  Jagersfontein  weighed  when  found  071  carats  and  was  8 
inches  in  its  largest  dimension;  this  is  the  largest  ever  known  to  have  been  discovered. 

Cliftoxite.— Carbon  in  mintite  cubic  crystals.  H.  =  2*5.  G.  =  2-12.  Color  and 
streak  bluck;  from  the  Youndegin,  West  Australia,  meteoHc  iron,  found  in  1884. 


I.    Plumbago.    Black  Lead. 

Hhombohedral.  Iii  six-sided  tabular  crystals.  Commonly  in  embedded 
foliated  masses,  also  columnar  or  radiated;  scaly  or  slaty;  granular  to  com- 
pact; earthy. 

Cleavage:  basal,  perfect.  Thin  laminae  flexible,  inelastic.  Feel  greasy. 
H.  =  1-3.  G.  =  2*09-2*23.  Luster  metallic,  sometimes  dull,  earthy.  Color 
iron-black  to  dark  steel-gray.     Opaque.     A  conductor  of  electricity. 

Comp. — Carbon,  like  the  diamond;  often  impure  from  the  presence  of  iron? 
sesquioxide,  clay,  etc. 

Pyr.,  etc.— At  a  high  temperature  some  graphite  burns  more  easily  than  diamond^ 
other  varieties  less  so.     B.B.  infusible.     Unaltered  by  acids. 

Di£ — Characterized  by  its  extreme  softness  (soapy  feel)*  iron-black  color;  metallic 
luster;  low  specific  gravity;  also  by  infusibility.     Cf.  molybdenite,  p.  285. 

Obs. — Graphite  occurs  in  beds  and  embedded  masses,  Inminse,  or  scales  in  granite* 
gneiss,  mica  schist,  crystalline  limestone.  It  is  in  some  places  a  result  of  the  alteration  hy 
heat  of  coal.     Often  observed  in  meteoric  irons.     A  common  furnace  product. 

Occurs  at  Borrowdule  in  Cumberland;  at  Arendal  in  Norway,  in  quartz;  in  the  Ural, 
Finland;  Passau  in  Bavaria.    In  Irkutsk,  in  the  Tunkinsk  Mts.,  in  eastern  Siberia,  the 
Alibert  graphite  mine  affords  some  of  the  best  graphite  of  the  world.     Large  quantities, 
are  brought  from  the  East  Indies,  especially  from  Ceylon. 

Forms  beds  in  gneiss,  at  Sturbridee,  Mass.;  at  Ticonderoga,  N.  Y.,  with  pyroxene  and 
titanite;  and  at  Hillsdale.  Columbia  Co.,  N.  Y. ;  Byers.  Chester  Co.,  Pa.;  Loudon  Co.,  Va. ; 
Wake  Co.,  N.  C.  A  graphitic  earth  is  mined  for  paint  in  Arkansas.  In  California,  ia 
Alpine  Co.,  Kern  Co.,  etc.  In  Humboldt  Co.,  Nevada;  Beaver  Co.,  Utah;  Albany  Co.* 
Wyoming.     A  large  deposit  occurs  at  St.  John,  New  Brunswick. 

The  name  black  lead,  applied  to  this  species,  is  inappropriate,  as  it  contains  no  leadl 
The  name  graphite,  of  Werner,  is  derived  from  yfjd<peir,  to  write,  alluding  to  its  use  for 
'*  lead  "  pencils. 

ScHUNGTTE.     Amorphous  carbon  observed  in  some  schists. 

SUIJPHUR. 

Orthorhombic.     Axes  ii:h:d  =  0-8131  : 1  :  1-9034. 

578.  579.  580.  581.  582. 
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110  A  liO  =  78**  14'. 
001  A  101  =  66°  52'. 
001  A  Oil  =  62**  IT. 
001  A  113  =  45"  10'. 
001  A  111  =  7r  40'. 

111  A  ill  =  94-  52'. 
Ill  A  111  =  73'  34'. 


Crystals  commonly  acute  pyramidal;  sometimes  thick   tabular   ||  c,  also 
sphenoidal  in  habit  (Fig.  583).    See  also  Figs.  66,  p.  30,  and  302,  p.  94.     Also 

massive,  in  reuiform  shapes,  in- 
crusting,  stalactitic  and  stalag- 
mitic;  m  powder. 

Cleavage :  c,  vi,  p  imperfect. 
Fracture  conchoidal  to  uneven. 
Rather  brittle  to  imperfectly 
sectile.  H.  =  1-5-2  5.  G.  = 
2-05-209.  Luster  resinous. 
Color  sulphur-yellow,  straw-  and 
honey-yellow,  yellowish  brown, 
greenish,  reddish  to  yellowish  gray.  Streak  white.  Transparent  to  trans- 
lucent. A  non-conductor  of  electricity;  by  friction  negatively  electrified. 
Optically  +.  Double  refraction  strong.  Ax.  plane  ||  b,  Bx  _L  c.  Dispersion 
p  <v.    2Ha.r  =  103°  18'  Dx.     Refractive  indices,  see  p.  208. 

Comp.,  Yar. — Pure  sulphur;  often  contaminated  with  clay,  bitumen,  and 
other  impurities. 

Sulphur  may  also  be  obtaiued  in  the  laboratory  in  other  allotropic  forms;  a  monocliDio 
form  is  common. 

Pyr.,  etc.— Melts  at  108**  C,  and  at  270°  burns  with  a  bhiish  flame  yielding  sulphur 
dioxide.  Insoluble  in  water,  and  not  acted  on  by  the  acids,  but  soluble  in  carbon 
d  {sulphide. 

Dlft — Readily  distinguished  by  the  color,  fusibility  and  combustibility. 

Obs. — The  great  repositories  of  sulphur  are  either  beds  of  gypsum  and  the  associate 
rocks,  or  the  regions  of  active  and  extinct  volcanoes.  In  the  valley  of  Nolo  and  Mazzaro, 
in  Sicily;  at  Conil,  in  Spain;  Bex,  Switzerland;  Cracow,  Poland,  it  occurs  in  the  former 
situation;  near  Bologna,  Italy,  in  fine  crystals,  embedded  in  bitumen.  Sicily  and  the 
neighboring  volcanic  isles;  the  Solfatara,  near  Naples;  the  volcanoes  of  the  Pacitic  ocean, 
«tc.,  are  localities  of  the  latter  kind.  It  is  also  deposited  from  hot  springs  in  Iceland;  and 
is  met  with  in  certain  metallic  veins,  thus  with  lead  ores  near  Mtlsen  and  at  Monte  Poni, 
Sardinia.  The  Sicilian  mines  at  Girgeuti  yield  large  quantities  for  commerce,  including 
beautifully  crystallized  specimens. 

Sulphur  is  found  near  the  sulphur  springs  of  New  York,  Virginia,  etc.,  sparingly;  in 
many  coal  deposits  and  elsewhere,  where  pyrites  is  undergoing  decomposition;  in  minute 
crystals  on  cleavage  surfaces  of  galena,  Phenixville,  Pa.  Some  important  de])Osils  occur 
in  the  western  U.  S.,  as  in  Wyoming,  in  the  Uintah  Mts.,  30  miles  s.e.  of  Evanston;  in 
Nevada,  Humboldt  county;  Steamboat  Springs.  Washoe  Co  ;  Columbus.  Esmeralda  Co. 
In  southern  Utah  in  large  deposits,  at  Cove  Creek.  Millard  county.     In  Californi.i,  at  the 

feysers  of  Napa  valley,  Sonoma  Co.;  in  Santa  Barbara  in  good  crystals;  near  Clear  Lake, 
lake  Co.,  a  large  deposit.     In  the  Yellowstone  Park,  in  deposits  and  about  the  fumaroles. 

Selensulphur.  Contains  sulphur  and  selenium,  orange-red  or  reddish  brown;  from 
the  islands  Vulcano  and  Lipari. 


ARSENIC. 

llhombohedral.  Generally  granular  massive;  sometimes  reticulated, 
Ten  i  form,  stalactitic. 

Cleavage:  c  highly  perfect.  Fracture  uneven  and  fine  granular.  Brittle. 
H.  =  3*5.  G.  =  5-63-5"73.  Luster  nearly  metallic.  Color  and  streak  tin- 
white,  tarnishing  to  dark  gray. 

Com  p. — Arsenic,  often  with  some  antimony,  and  traces  of  iron,  silver,  gold, 
or  bismuth. 

Pyr. — B.B.  on  charcoal  volatilizes  without  fusing,  coats  the  coal  with  white  arsenic 
trioxide,  and  affords  a  garlic  odor;  the  coating  treated  in  R.  F.  volatilizes,  tingcing  the 
flame  blue. 

Obs. — Occurs  in  veins  in  crystalline  rocks  and  the  older  schists,  often  accompanied  by 
ores  of  antimony,  ruby  silver,  realgar,  sphalerite,  and  other  metallic  minerals.  Thus  in  the 
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silver  mines  of  Saxony;  also  Andreasberi^::  Joachimstbal,  Bohemia ;  in  Hungary;  Norway, 
etc  Abundant  at  Cnafiar^illo,  Chili.  lu  the  U.  S.  sparingly  at  Haverhill  and  Jackson, 
N.  H. ;  near  Leadville,  Colorado;  Watson  Creek,  British  Columbia. 

AUemontite.  Arsenical  Antimony,  SbAs».  In  reniform  masses.  G.  =  6 '203.  Luster 
metallic.     Color  tin-white  or  reddish  gray.     From  Allemont;  Pribram,  Bohemia,  etc. 

Tellurium.  In  prismatic  crystals  (Fijj.  14,  p.  10);  commonly  columnar  to  fiine-granular 
massive.    G.  =  6*2.    Color  tin-white.    From  Transylvania  and  Colorado. 

ANTIMONY. 

Rhombohedral.  Generally  massive,  lamellar  and  distinctly  cleavable;  also 
radiated;  granular. 

Cleavage:  c  highly  perfect;  also  other  cleavages.  Fracture  uneven; 
brittle.  II.  =  3-3*5.  G.  =  6*65-6-72.  Luster  metallic.  Color  and  streak 
tin-white. 

Comp. — Antimony,  containing  sometimes  silver,  iron,  or  arsenic. 

Pyr. — B.B.  on  charcoal  fuses,  gives  a  white  coating  iu  both  O.  F.  and  R.  F. ;  if  the 
blowmg  be  intermitted,  the  globule  continues  to  glow,  giving  off  white  fumes,  until  it  is 
finally  crusted  over  with  prismatic  crystals  of  antimony  irioxide.  The  white  coating 
tinges  the  R.  F.  bluish  green.     Crystallizes  readily  from  fusion. 

Ob».—Occurs  near  Sala  in  Sweden;  Andreasberg  in  the  Harz;  Allemont,  Dauphin^; 
PHbram,  Bohemia;  Mexico;  Chili;  Borneo.  In  the  U.  8.,  at  Warren,  N.  J.,  rare;  in  Kern 
Co.,  Cal.  At  Prince  William  parish,  York  Co.,  N.  Brunswick. 

BISMUTH. 

Rhombohedral.     Usually  reticulated,  arborescent;  foliated  or  granular. 

Cleavage:  c  perfect.  Sectile.  Brittle,  but  when  heated  somewhat  malle- 
able. H.  =  2-2*5.  G.  =  9-70-9-83.  Luster  metallic.  Streak  and  color 
fiilver- white,  with  a  reddish  hue;  subject  to  tarnish.     Opaque. 

Comp.,  ?ar. — Bismuth,  with  traces  of  arsenic,  sulphur,  tellurium,  etc. 

Pyr.,  etc. — B.B.  on  charcoal  fuses  and  entirely  volatilizes,  giving  a  coating  oranpe- 
yellow  while  hot,  lemon-yellow  on  cooling.  Fuses  at  265'  C.  Dissolves  in  nitric  acid; 
subsequent  dilution  causes  a  white  precipitate.     Crystallizes  readily  from  fusion. 

Ot». — Occurs  in  veins  in  gneiss  and  other  crystalline  rocks  and  clav  slate,  accompanying 
various  ores  of  silver,  cobalt,  lead  and  zinc.  Thus  at  the  mines  of  Saxony  and  Bohemia, 
etc.;  Meymac,  Corr^ze,  France.  Also  at  Modum,  Norway;  at  Falun,  Sweden.  In  Corn- 
wall and  Devonshire;  near  Copiapo,  Chili;  Bolivia. 

Occurs  at  Monroe,  Conn. ;  Brewer's  mine,  Chesterfield  district,  S.  Car. ;  near  Cummins 
City,  and  elsewhere  in  Colorado. 

Zinc.  Probably  does  not  occur  in  the  native  state.  In  the  laboratory  it  is  obtained  in 
hexagonal  prisms  with  tapering  pyramids;  also  iu  complex  crystalline  aggregates.  It  also 
appears  to  crystallize  in  the  isometric  system,  at  least  in  various  alloys. 


Gold  Group. 
GOLD. 

Isometric.  Distinct  crystals  rare,  o  most  common,  also  d  (110),  m  (331), 
and  X  (IS'lO'l);  crystals  often  elongated  in  direction  of  an  octahedral  axis, 
giving  rise  to  rhombohedral  forms  (Figs.  452,  453,  p.  135),  and  arborescent 
shapes;  also  in  plates  flattened  ||  o,  and  branching  at  60°  parallel  either  to  the 
edges  or  diagonals  of  an  o  face  (see  pp.  131,  132).  Twins:  tw.  plane  o. 
Skeleton  crystals  common;  edges  salient  or  rounded;  in  filiform,  reticulated, 
dendritic  shapes.  Also  massive  and  in  thin  laminae;  often  in  flattened  grains 
or  scales. 

Cleavage  none.  Fracture  hackly.  Very  malleable  and  ductile.  H.  =  2-5-3. 
G.  =  15'6-19*3,  19*33  when  pure.  Luster  metallic.  Color  and  streak  gold- 
yellow,  sometimes  inclining  to  silver-white  and  rarely  to  orange-red.    Opaque. 


DESCRIPTITE   UIKEBALOOT. 


Comp.,  Tu-. — Gold,  bat  nsaallj  alloyed  with  silver  in  rarying  ataonnts  and 
BometimeB  containing  also  traces  of  copper  or  iron. 


m  =  (311) 


IB  =  (1810-1) 


Vwr— 1.  Ordinary.  ContslnlDg  up  to  16  p.  C.  of  alWer.  Color  varyiog  uccotdlngljr 
froin  deep  gold-jellon  to  pale  jellow,  au<)  specific  gravity  from  IS'3  to  IS  B.  TUe  ratio  of 
gold  to  silver  of  8  :  1  corresponds  to  151   p.  c.  silver.     For  G.  =  17-6.  Ag  =  9  p.  c; 

G.  =  16'B,  Ag  =  13-2;  Q.  =  14-6,  Ag  =;  38-*.  Rose.  Tbe  purest  cold  wliicb  lias  Iweo 
described  Is  tlial  from  Mount  Morgiia,  In  Queensland,  whicli  lias  yielded  8B'7  to  99-8  of 
gold,  tlie  remsioder  being  copper  witli  &  littlu  iron;  silver  is  present  uul^as  a  miniile  trace. 

2.  Argeatiftrout ;  Eltelnttn.  Color  pale  yellow  to  yellowigh  wbite:  G  s=  15'5-13-S. 
Ratio  (or  the  gold  and  silver  oF  1:  1  corresponda  to  36  p.  c.  of  silver;  It :  1,  to  26  p.  c; 
2: 1,  to  21  p.  c;  2i:l,  to  18  p.  c.  The  word  in  (Jreek  means  alsoamifr;  and  Its  use  for 
Uiis  alloy  probably  arose  from  Ibe  rale  yellow  color  It  has  as  compnri'd  with  gold. 

Varieties  have  also  been  described  containing  palladium  to  10  p.  c,  {perpmte),  from 
Porpez,  Brazil;  bismuth,  including  the  black  gold  of  Australia  {miii<toail«.  Olricti)  i  also 
rhodlum(?). 

Pyr.,  etc.— B.B.  fuses  easily  (at  1100°  C).  Not  acted  on 
single  arid:  soluble  in  nitro-bydrocLlortc  acid  {aqua  regia),  t 
more  tlian  20  p.  c.  Ag  is  piesent. 

Difi< — Readily  recognized  (eg.,  from  other  mciallic  tninerals,  also  frcim  scales  of  yellow 
micii)  by  lis  nialleabiliiy  and  high  specific  gmvily.  which  Inst  makes  It  possible  to  separate 


it  f  roi 


the, 


-e  brill  le. 

ObservaUons.— Niitive  gold  is  found,  when  in  litu,  ivtih  comparatively  small  exceptions, 
in  the  quuriz  veins  that  intersert  metnmorphlc  rocks,  and  to  souieeilenl  in  the  wall  rock  of 
these  veins.  The  metamorphic  rocks  thus  intersected  are  mostly  cliloritic.  islcose.  and 
argillaceous  schist  of  dull  green,  dark  gray,  and  other  colors;  niso,  much  less  conim'only, 
mica  and  hornblendic  schist,  gneiss,  dioriie,  porphyry;  and  slilt  more  rarely  trrntitlp  A 
laminaied  quartiite,  called  itacoliiinite,  is  common  iti  many  gold  regions,  ns  iliose  of  Brazil 
and  North  Carolina,  and  sometimes  specular  schists,  or  slaty  rocks  rontnining  murli  foliateil 
specular  iron  (hematite)  or  magnetite  in  grains.  A  quartzose  conclomerate  is  sometimes 
richly  auriferous  ]is  in  Transvaal.     Less  frequently  calcite  is  the  vein  material 

The  gold  occurs  in  ihe  quartz,  irregularly  distribuled,  in  strings,  scales,  plates,  nnd  In 
masses  which  are  sometimes  an  agglomeration  of  crystals;  and  the  scales  are  oflen  invisible 
to  the  naked  eye.  The  assoeialed  minerals  are :  pyrilc,  which  far  exceeds  In  qiiantiiv  all 
others,  and  is  generally  auriferout;  next,  cbalcopyrite,  galena,  spfaaleritc.  areenopvrile  eoch 
frequently  auriferous;  often  telradymite  and  other  tellurium  ores.  Dative  iilsmiitb  native 
arsenic,  slibiiite.  cinnabar,  magnelite,  liematite;  sometimes barite.  scheellle,  apatite,  fluorite 
sidcrite,  cbrysocolla.  The  quartz  at  the  surface,  or  in  ttie  upper  part  of  a  vein  Is  usually 
cellular  and  rusted  from  the  more  or  less  complete  disappearance  of  the  pyrlle  and  other 
sulphides  l»y  decomposition;  hut  below,  it  Is  commonly  solid. 

The  gold  of  Ihe  world  was  early  gathered,  not  directly  from  the  quarlj;  veins  (the 
"quartz  reefs"  of  Australia  and  Africa),  but  from  the  gravel  or  sands  of  rivers  or  valleys 
in  auriferous  regions,  or  the  slopes  of  mouuuins  or  hills.  who"e  rocks  cnntni.i  in  some  part 
and  ceuendly  not  far  distant,  aurifernus  veins;  In  Califorula  thi=  nielhml  of  hydraulic 
mining  {plaetr  liiggingi)  has  been  curried  on  on  a  stupendous  scale.     Most  of  the  gold  of 
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the  Urals,  Brazil,  Australia,  and  all  other  gold  regions  has  come  from  such  alluvial  washings. 
At  lite  present  time,  however,  the  ulluviul  wiishmgs  are  much  less  depended  upon,  iu  many 
regions  all  the  gold  being  obtained  ditect  from  the  rock. 

The  alluvial  gold  is  usually  in  Hatteued  scales  of  different  degrees  of  fineness,  the  size 
depending  partly  on  the  original  condition  in  the  quartz  veins,  and  partly  on  the  distance 
to  which  it  has  been  transported  and  assorted  by  nmning  water.  The  rolled  masses  when 
of  some  size  are  called  nuggets;  in  rare  cases  these  occur  very  large  and  of  great  value 
The  Australian  gold  region  has  yielded  many  large  nuggets;  one  of  these  found  in  1858 
weighed  184  pounds,  and  another  (1869)  weighed  190  pounds.  In  the  auriferous  sands, 
crystals  of  zircon  are  very  common;  also  garnet  and  cvanite  in  grains;  often  also  monazite, 
diamond,  topaz,  corundum,  iridosmine,  platinum.  The  zircons  are  sometimes  mistaken 
for  diamonds. 

Besides  the  free  gold  of  the  quartz  veins  and  gnivels,  much  gold  is  also  obtained  from 
auriferous  sulphides  or  the  oxides  produced  by  their  alteration,  especial!}'  pyrite,  also 
ursenopyrite.  chalcopyrite.  sphalerite,  marcasite,  etc.  The  only  minerals  containing  gold  in 
combination  are  the  rare  tellurides  (sylvanite,  etc.). 

Gold  exists  more  or  less  abundantly  over  all  the  continents. in  most  of  the  regions  of 
crystalline  rocks,  especially  those  of  the  semi-crystalline  schists;  and  also  in  some  of  the 
large  islands  of  the  world  where  such  rocks  exist.  In  Europe,  it  occurs  with  silver  ores  in 
Hungary;  in  Transylvania  at  Verespatak  and  Nagyag;  in  the  sands  of  the  Rhine,  the 
Danube,  and  other  rivers;  on  the  southern  slope  of  the  Pennine  Alps;  in  Piedmont;  in  many 
of  the  streams  of  Cornwall;  in  North  Wales;  in  Scotland,  near  Leadhills;  in  the  county  of 
Wicklow,  Irehind;  in  Sweden,  at  Edclfors;  in  Norway,  at  Kongsberg. 

In  Asia,  gold  occurs  along  the  eastern  flanks  of  the  Urals  for  500  miles,  and  is  especially 
abundant  at  the  Berezov  mines  near  Ekaterinburg:  also  at  Petropavlovski ;  Nizhni  Tagilsk; 
Miask,  near  Zlatoust  and  Mt.  Ilmen,  etc.  Ekaterinburg  is  the  capital  of  the  mining  district. 
Siberian  mines  less  extensive  occur  in  the  lesser  Altai;  at  Nerchinsk,  east  of  L.  Baikal, 
including  the  Kara  mines.  Asiatic  mines  occur  also  in  Little  Thibet,  Ceylon,  and  Malacca, 
China  especially  in  the  Amur  district,  Corea.  Japan,  Formosa,  Sumatra,  Java,  Borneo,  the 
Philippines,  and  other  East  India  Islands;  at  numerous  points  in  British  India. 

In  Africa,  gold  occurs  at  Kordofan,  between  Darfur  and  Abyssinia;  also,  south  of  the 
Sahara  in  western  Africa,  from  the  Senegal  to  Cape  Palmas.  Also  in  Transvaal  in  southern 
Africa,  at  Lydenburg,  both  quartz  veins  and  alluvial  washings,  and  at  Eersteling;  recently 
the  Kaap  gold  fields  in  southeastern  Transvaal  have  become  very  productive:  the  chief 
town  of  the  region  is  Barbertou.  The  quartz  reefs  of  Witwatersrand  in  the  immediate 
vicinity  of  Johannesburg,  farther  west,  are  also  very  productive;  here  the  gold  occurs 
largely  in  a  quartzose  conglomerate. 

In  South  America,  gold  is  found  in  Brazil;  in  the  U.  S.  of  Colombia;  Chili;  Bolivia; 
sparingly  In  Peru.  Also  in  Central  America,  especially  in  Honduras;  also  San  Salvador, 
Guatemala.  Costa  Rica. 

In  Australia,  the  principal  gold  mines  occur  along  the  streams  In  the  mountains  of  New 
Soutli  Wales  and  along  the  continuation  of  the  same  range  in  Victoria.  Also  obtained 
largely  in  Queensland,  N.  Australia,  particularly  at  Mt.  Morgan,  Rockhampton  district. 
Also  occurs  in  Tasmania,  New  Zealand,  and  New  Caledonia. 

In  North  America,  there  are  numberless  mines  along  the  mountains  of  western 
America,  and  others  along  the  eastern  range  of  the  Appalachians  from  Alabama  and  Georgia 
to  Labrador,  besides  some  in  portions  of  the  intermediate  Archean  region  about  Lake 
Superior.  Th'^y  occur  at  many  points  along  the  higher  regions  of  the  Rocky  Mountains, 
in  Mexico;  in  New  Mexico,  near  Santa  Fe,  Cerillos,  Avo,  etc.;  in  Arizona,  in  the  San  Fran- 
cisco. Wnubi,  Yuma,  and  other  districts;  in  Colorado,  abundant,  the  gold  largely  in  aurif- 
erous pyrites,  also  in  connection  with  tellurium  minerals;  the  Cripple  Creek  region  in 
Colorado  affords  at  present  large  quantities  of  gold;  also  in  Montana;  the  Black  Hills  of 
Dakota:  Idaho  especially  the  Coeur  d'AlSne  district,  also  Utah.  Along  ranges  between  the 
summit  and  the  Sierra  Nevada,  in  the  Humboldt  region  and  elsewhere.  Also  in  the  Sierra 
Nevada,  mostly  on  its  western  slope  (the  mines  of  the  eastern  being  principally  silver 
mines).  The  auriferous  belt  may  be  said  to  begin  in  the  Calif ornian  peninsula.  Near  the 
Tejon  pass  it  enters  California,  and  beyond  for  180  miles  it  is  sparingly  auriferous,  the  slate 
Tocks  being  of  small  breadth;  but  beyond  this,  northward,  the  slates  increase  in  extent,  and 
1he  mines  in  number  and  productiveness,  and  they  continue  thus  for  200  miles  or  more, 
^told  occurs  also  in  the  Coast  ranges  in  many  localities,  but  mostly  in  too  small  quantities 
to  be  profitably  worked.  The  regions  to  the  north  in  Oregon  and  in  Washington  and 
Alaska,  with  British  Columbia,  are  at  many  points  auriferous,  and  productively  so,  though 
to  a  less  extent  than  California.  The  Cariboo  region  on  the  Fraser  river,  and  the  Cassiar 
district  on  the  Stickeen,  have  yielded  considerable  amounts.   The  Alaska  quartz  mines  have 
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biien  worked  to  some  HdTRiitage,  as  also  ihe  gravels  of  Ilia  Yukon  river  aud  Iie  iributarjes; 
ol'  ibe  Intier,  the  Klondike  is  now  I18V8)  reputed  to  be  fabulously  Hob. 

lu  easterii  Noitb  Aioeiicn,  tbe  cbief  miues  are  mostly  cuuflned  lo  tbe  Slatea  of  Virgiuia. 
Nonb  and  Soutb  Caiolina.  and  Oeorgia,  or  ulong  a  line  from  tbe  lUppaliHuiiock  lo  Ibe 
(Juosii  ill  Alabama.  lu  Canada,  gold  occurs  to  tbe  soutb  of  tbe  Si.  Lawrence,  iu  tbe  soil  on 
Ibe  Chaudi^re  aud  elsewliere:  in  Nova  Scotia,  at  Deioro,  near  Haslioga.  Onlnrio  (in  arseno- 
pyrile):  also  iu  tbe  Port  Artbur  region,  uoilb  of  Lake  Superior,  aud  in  (be  river-gravels  of 
tue  Ricific  slope,  us  before  noted. 

Tbe  vrorld's  productii)D  of  go^d  was  iu  1897  about  I3SO.000.000,  having  considerably 
mote  tbnn  doubled  sIucl'  1890.  Of  this  amount  Ibe  Uoited  Stales  afforded  about  $61  60O  - 
000,  AfiicaaboutCS8,000,000,  Australia  nearly  $36,000,000,  Russia  about  $28,700,000,  and 
otber  countries  (Cbina,  Canada,  India,  So.  America,  etc.)  tbe  remainder.  It  is  alsn  iulerestine 
lo  note  tbat  In  1897  ibc  pruductiun  was  nearly  the  same  for  tbe  Stales  of  California  and 
Colorado,  tbe  former  $17,000,000.  Ibe  lalter  a  lillle  in  excess  of  tbls  araounl.  In  1860 
Colorado  produced  only  a  little  more  than  $4,000,000. 

SILVER. 

Isometric.  Crystals  commonly  distorted,  in  acicnlar  forms,  reticulated  or 
arborescent  shapes;  coarse  to  fine  filiform;  also  massive,  in  plates  or  flattened 
scales. 

Cleavage  none.  Ductile  and  malleable.  Fracture  hackly.  H,  ;=  2'5-3. 
G.  =  lO'l-ll  1,  pure  10'6,  Luster  metallic.  Color  and  streak  silTcr-white, 
often  gray  to  black  by  tarnish. 

Corap.,  Tar.— Silver,  with  some  gold  (up  to  10  p,  c),  copper,  and  sometimes 
platinum,  antimony,  bismuth,  mercury. 

Pyr-  ate — B.B.  on  charcoal  fusee  easily  lo  a  sllver-ttbite  globule,  wbicb  in  O.F.  gives 
a  faint  dark-red  coating  of  silver  oiide  ;  crystallizes  on  cooling  :  fusiliiliiv  about  1050°  C. 
Soluble  itt  nitric  acid,  and  deposited  again  by  a  ptaie  of  copper.  Predpltaled  from  its 
aolullous  by  hydrochloric  acid  in  white  curdy  forms  of  silver  chloride. 

Di£ — Distinguished  by  lis  malleabilliy.  color  (on  tbe  freab  aurfacel.  Rod  spt  cite  graviiy. 

Oba. — Native  stiver  occurs  in  messes,  or  in  arborescent  and  fltifomi  shapes,  in  veins  trav- 
ersing gneiss,  schist,  porphyry,  and  otber  rocks.  Also  occurs  dissiminulcd.  but  usualljr 
invisibly,  in  native  copper,  galena,  chalcocite,  etc.;  rarelv  in  volcanic  nsbes  (Malli'l). 

Tbe  mines  of  Kcingsberg.  in  Isorwny.  have  afTonkd  magnidcent  specimens:  also  lite 
Saxon  mines;  occurs  in  Bohemia  at  Pfibiam  and  Joachinislbal;  at  Andreatbirg;  Bungnry ; 
Allemonl,  Daupbin£:  in  the  Urnl  near  Berezov;  in  the  Altai,  al  Zmeov;  and  in  some  of  the 
Cornish  mines.  In  Durango,  Sinaloa,  and  Sonora,  in  Mexico,  aie  noied  mines  affording 
native  silver;  abundant  in  Peru. 

In  Ibe  Uuiled  States  dfsBeminated  Ihroiigh  much  of  Ibe  copper  of  Michigan:  lit  Silver  Islet 
and  at  Fort  Arthur,  Lake  Superior.    Occurs  in  Idaho,  at  tl:e  "Poor  Man's  lode";  in  Nevada. 
ggij  rare;  in  California,  sparingly;  in  Silver  Mountain  dlsirirl.  Alpine 

;  In  the  Maris  vein,  in  Los  Angeles  Co.     In  Ccloriido.  ul  luaDy 

(localities,  especially  wiih   argentrferous  ores;  in   Moniana,  near 
Butte,  Silver  Bow  Co.,  wlib  manganese  ores.     In  Aiizona.  al  tbe 
cr  King  mine,  and  with  argentiferous  ores  eliiewbere. 


COPPER. 

Isometric.     The  tetrahexahedron    the  most  common 
form  (Fig.  58T);  also  in  octahedral  plates,    Crystnls  often 
irregularly  distorted  and  passing  into  twisted  and  wire- 
like forms;  filiform  and  arborescent.     Massive;  ns  sand, 
fl  =  (410)  Twins:  tw.  pi.  o,  very  common,  often  flattened  or  elongated 

to  spear-shaped  forms.     Cf,  pp.  131,  13". 

Cleavape  none.  Fracture  hackly.  Ilighlyductile  and  malleable.  II.=  2-5-3. 
G.  =  8  S-8'!).  IjHfster  metallic.  Color  copper-red.  Streak  metallic  shining- 
Opaqne.     An  excellent  conductor  for  heat  and  electricity. 

Cnmp. — Pure  copper;  often  containing  some  silver,  bismnth,  mercury,  etc. 
Pyr,,  etc,— B.B.  fuses  readily;  on  cooling  becomes  covered  with  a  coaling  of  black 
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oxide.    Dissolves  readily  in  Ditric  acid»  giving  off  red  nitrous  fumes,  aud  produces  a  deep 
azure-blue  solution  with  ammouia.     Fusibility  780°  C. 

Obs.— Copper  occurs  in  beds  and  veins  accompanying  its  various  ores,  especially  cuprite, 
malachite,  and  azurite;  also  with  the  sulphiaes,  chalcopyrite,  chalcocite,  etc.;  often 
abundant  in  tbe  vicinity  of  dikes  of  igneous  rocks;  also  in  clay  slate  and  sandstone. 

Occurs  at  Turinsk,  in  the  Ural,  in  fine  crystals;  at  Nizhni  Tagilsk  aud  elsewhere; 
Siberia.  In  Germany,  at  tbe  Friedrichssegen  mine,  Nassau.  Common  in  Cornwall. 
Brazil,  Chili,  Bolivia,  and  Peru  afford  native  copper.  In  South  Australia  abundant  at 
Wallaroo;  in  New  South  Wales. 

Occurs  native  throughout  the  red  sandstone  region  of  the  e  istern  United  States,  spar- 
ingly in  Massachusetts,  Connecticut,  and  more  abundantly  in  New  Jersey.  Near  New 
Haven,  Conn.,  a  mass  was  found  in  the  drift  weighing  nearly  200  pounds;  smaller  isolated 
masses  have  also  been  found.  The  Lake  Superior  copper  region,  near  Keweenaw  Point, 
in  northern  Michigan,  is  the  most  important  locality  in  the  world.  The  copper  is  obtained 
practically  all  in  the  native  state,  sometimes  in  immense  masses,  and  is  obtained  over  an 
area  200  miles  in  length.  It  occurs  in  both  amygdaloidal  dolerite  and  sandstone,  near  the 
junction  of  these  two  rocks;  associated  with  calcite,  prehuite,  datolite,  analcite,  etc.;  also 
distributed  widely  in  grains  through  the  sandstone.  Occurs  sparingly  in  California.  In 
Arizona,  common  at  the  Copper  Queen  mine,  Cochise  Co.;  also  in  Grant  Co.,  N.  Mexico^ 
at  the  Santa  Rita  and  other  mines. 

MBROURT.    Quicksilver.     Gediegen  Quecksilber  Oerm. 

In  small  fluid  globules  scattered  through  its  gangue.  G.  =  13596.  Lus*- 
ter  metallic,  brilliant.     Color  tin-white.     Opaque. 

Comp. — Pure  mercury  (Hg) ;  with  sometimes  a  little  silver. 

Pyr.,  etc. — B.B.  entirely  volatile,  va[X)rizing  at  850'  C.  Becomes  solid  at  —40'  C.,. 
crystallizing  in  regular  octahedrons  with  cubic  cleavage;  G.  =  14*4.   Dissolves  in  nitric  acid. 

Obs.— Mercury  in  the  metallic  state  is  a  rare  mineral,  and  is  usually  associated  with  the 
sulphide  cinnabar,  from  which  the  supply  of  commerce  is  obtained.    The  rocks  affording: 
the  metal  and  its  ores  are  chiefly  clay  shales  or  schists  of  different  geological  ages.    AlsO'    ^ 
found  in  connection  with  hot  springs.     See  cinnabar. 

LIS  AD. 

Isometric.  Crystals  rare.  Usually  in  thin  plates  and  small  globular 
masses.  Very  malleable,  and  somewhat  ductile.  H.  =  1'5.  G.  =  11*37^ 
Harstig  mine.     Luster  metallic.     Color  lead-gray.     Opaque. 

Comp. — Nearly  pure  lead;  sometimes  contains  a  little  silver,  also  antimony. 

Pyr. — B.B.  fuses  easily,  coating  the  charcoal  with  a  yellow  oxide  which,  treated  in 
R.F.,  volatilizes,  giving  tm  azure-blue  tinge  to  the  flame.  Fusibility  830'  C.  Dissolvea 
easily  in  dilute  nitric  acid. 

Obi. — Of  rare  occurrence.    Found  at  Pajsberg,  Harstig.  and  L&ngban  in  Sweden;  • 
similarly  at  Nordmark;  also  in  the  gold  washings  of  the  Ural;  reported  elsewhere,  but 
localities  often  doubtful.    In  the  U.  S.,  occurs  at  Breckinridge  and  Qunnison,  Colorado; 
Wood  River  district,  Idaho. 

AMALGAM. 

Isometric.  Common  habit  dodecahedral.  Crystals  often  highly  modified 
(Fig.  100,  p.  39).     Also  massive  in  plates,  coatings,  and  embedded  grains. 

Cleavage:  d  in  traces.  Fracture  conchoidal,  uneven.  Rather  brittle  to 
malleable.  H.  =  3-3-5.  G.  =  13-75-14-1.  Luster  metallic,  brilliant.  Color 
and  streak  silver-white.     Opaque. 

Comp. — (Ag,IIp),  silver  and  mercury,  varying  from  Ag,Hg,  to  Ag„Hg. 

Vax,— Ordinary  amalgam,  AgaHgs  (silver  264  p.  c.)  or  AgHe  (silver  850):  also 
Ag»Hg3,  etc.  Arguerite.  Ag,»Hg  (silver  86-6);  G.  =  IDS;  malleable  and  soft.  Kongs- 
bergite,  Ags^Hg  or  AgseHg. 

Pyr.,  etc. — B.B.  on  charcoal  the  mercury  volatilizes  nnd  a  globule  of  silver  is  left  In 
the  closed  tube  the  mercury  sublimes  and  condenses  on  the  cold  part  of  the  tube  in  minute 
globules.     Dissolves  in  nitric  acid.     liubbed  on  copper  it  gives  a  silvery  luster. 

Obs.— From  the  Palatinate  at  Moschellandsberg;  at  Fnedrichssegen,  Nassau;    from 
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fiala.  Sweden;  Kongsberg,  Norway;  AllemoDt,  Dauphin^;  Almadeo.  Spain;  Chili;  Vitalle 
<;reek,  Br.  Columbia  {arquerite). 

Tin.  Native  tin  has  beeu  reported  from  several  localities.  The  onl}'^  occurrence  fairly 
iibove  doubt  is  that  from  the  washings  at  the  headquarters  of  the  Clarence  river,  near 
Oban,  New  South  Wales.  It  has  been  found  here  in  grayish-white  rounded  grains,  with 
platinum,  iridosmine,  gold,  cassiterite,  and  corundum. 


Platiiium-Irou  Group. 
PLATINUM. 

Isometric.     Crystals  rare;  usually  in  grains  and  scales. 

Cleavage  none.  Fracture  hackly.  Malleable  and  ductile.  H.  =  4--4*5. 
G.  =  14-19  native;  21-33  chem.  pure.  Luster  metallic.  Color  and  streak 
whitish  steel-gray;  shining.     Sometimes  magnetipolar. 

Comp. — Platinum  alloyed  with  iron,  iridium,  osmium,  and  other  metals. 

Most  platinum  yields  from  8  to  15  or  even  18  per  cent  of  iron,  05  to  2  p.  c.  palladium, 
1  to  3  p.  c.  rhodium  and  iridium,  a  trace  of  osmium  and  finally  0*5  to  2  p.  c.  or  more  of 
copper. 

Var.— 1.  Ordinary.  Non-magnetic  or  only  slightly  magnetic.  G.  =  16*5-18'0  mostly. 
2.  Magnetic,  G.  about  14.  Much  platinum  is  magnetic,  and  occasionally  it  has  polarity. 
The  magnetic  property  seems  to  be  connected  with  high  percentage  of  iron  (iron- platinum, 
£isenplutin  Germ.),  although  this  distinction  does  not  hold  without  exception. 

Pyr.,  etc.— B.B.  infusible.  Not  affected  by  borax  or  salt  of  phosphorus,  except  in  tbe 
state  of  fine  dust,  when  reactions  for  iron  and  copper  may  be  obtained.  Soluble  only  in 
heated  uitro-hydrochloric  acid. 

Di£L — Distinguished  by  its  color,  malleability,  high  specific  gravity,  infusibility  and 
insolubility  in  ordinary  acids. 

Obs. — Platinum  was  first  found  in  pebbles  and  small  ^i-ains,  associated  with  iridium, 
cold,  ciiromite,  etc.,  in  the  alluvial  deposits  of  the  river  Pmto,  in  the  district  of  Choco, 
Colombia,  S.  America,  where  it  received  its  name  platina  (platina  del  Pinto)  from  plata, 
silver.  In  Russia  (discovered  in  1822)  occurs  in  alluvial  material  in  the  Ural  at  Nizhni 
Tagilsk,  and  with  chromite  in  a  serpentine  probably  derived  from  a  ])eridotite;  also  in  the 
Ooroblagodatak  district.  Also  found  on  Borneo;  in  New  Zealand,  from  a  region  charac- 
terized by  a  chrysolite  rock  with  serpentine;  in  New  South  Wales,  in  the  Broken  Hill 
<listrict.  and  in  gold  washings  at  various  points. 

In  California,  in  the  Klamath  region,  at  Cape  Blanco,  etc.,  not  abundant:  in  the  cold 
washings  of  Cherokee,  Butte  Co  ;  at  St.  Fran9oi8,  Beau ce  Co.,  Quebec;  at  several  points 
in  British  Columbia. 

Iridium.  Platin-iridium.  Iridium  with  platinum  and  other  allied  metals.  Occuis 
usually  in  angular  grains  of  a  silver-whlte  color.  H.  =  6-7.  G.  =  22-6-22  8.  With  the 
platinum  of  the  Urals  and  Brazil. 

IRIDOSMINE.     Osmiridium. 

Rhomboliedral.     Usually  in  irregular  flattened  grains. 

Cleiivage:  c  perfect.  Slightly  malleable  to  nearly  brittle.  H.  =  0-7. 
O.  =  10-3-2 1*1 2.  Luster  metallic.  Color  tin-white  to  light  steel-gray. 
Opaque. 

Comp.,  Tar. — Iridium  and  osmium  in  different  proportions.  Some  rhochum, 
platinum,  ruthenium,  and  other  metals  are  usually  present. 

Var.— 1.  Nevyamkite,  H.  =7;  G.  =  18'8-19'5.  In  flat  scales;  color  tin-white.  Over 
40  p.  c.  of  iridium.  2.  Siserskite.  In  fiat  scales,  often  six-sided,  color  grayish  white,  steel- 
gray.  G.  =20-21*2.  Not  over  30  p.  c.  of  iridium.  Less  common  than  the  light-colored 
Tanetv 

Diflf.— Distineuished  from  platinum  by  greater  hardness  and  by  its  lighter  color. 

Obs.— Occurs  with  platinum  in  South  America;  in  the  Ural  moimtains;  in  auriferous 
-drift  ill  New  South  Wales.  Rather  abundant  in  the  auriferous  beach-sands  of  northern 
California. 
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Palladinni.— Palladium,  alloyed  wiib  a  Utile  plalinum  and  [lidiiim.    Hoslly  In  etaina. 
H.  =  4'S-S.     O.  =  113-11-8.     Color  nhlliah  ateel-graj.     Uccure  wUL  pluliDum  iu  Brnzll; 

slw  from  ilie  Umls. 


IRON. 

Isometric.     Usually  massive,  rarely  in  crystals. 

Cleavage:    a  perfect;    also  a  laiiiellar  structure  ||  o  and  y  d.     Fracture 

hackly.    Malleable.    H.  =  4-5.     G.  =  T" ' 

£my  to  iron-black.     Strougly  magnetic. 


Luster  metallic.     Color  steel- 


9  in 


. ,  tbe  Santa 


small  eroliiHldeU  particles 

OreettlHDd:  nlso  elsewhere 

Other  occuTreacL's.  usiihIIv  classed  na  meteoric,  miij  be  in  fact  leircstrial;  e. 

Cathiirina  Iron  of  Brazil  discovered  In  1^75. 

A  nickeliferous  metallic  irou  (tVNl,)  called  awaruiU  occurs  In  tbe  ilrlft  ol  the  Gorge 
river,  wbicli  uinpUeB  Into  Awiiruii  Bay  oti  tbe  west  coast  at  tbe  south  island  of  New 
Zeiiland;  associated  with  gold,  plalluum,  cosslterile.  cbromlte;  probably  derived  from  a 
partially  serpentmlEed  peridullte.  JotepiiiniU  is  a  uickel'lron  (FeiNit)  from  Oregon, 
occurriDK  in  stream  gmvel.  Nntive  iron  alao  occurs  sparingly  iu  some  basalts;  reported 
from  eold  or  platinum  washings  at  various  points. 

S.  Mateorio  Iron.  Niitlve  iron  aUo  occtirs  in  most  meteoritci;,  forming  in  some  cases 
<a)  tbe  entire  mass  (iron  nuUorilnr,  also  (A)  as  a  spougy.  cellular  matrix  in  wbich  are 
embeddedgrainqof  chrysolite  or  other  silicates  SjM«rof(fe«);  («)iu  grains  or  scales  disseminaligd 
more  or  less  freely  throughout  a  stony  muiriji  (mrCeorie  „„ 

jIojiM).  Rarely  a  meteorite  consists  of  b  single  cry.ftal-  _    "'"'■ 

Hue  indiTidual  (Brnnnau)  with  numerous  twinning 
lamelliE  |  o.  Cubic  cleavage  snmelimesobserved;  also 
an  octahedral,  less  often  dodeciiliedrul  lamellar  struc- 
ture. Etching  with  dilute  nitric  ncl<l  (or  iodine) 
commonly  develops  a  crystalline  structure  (called 
WidmanttiitUn  Jigurtt)  (Fig.  588);  usually  conalsling 
of  lines  or  bands  crossing  at  various  angles  accurdiug 
to  the  direction  of  the  section,  at  60°  If  )  o,  BO"  |  a.  etc 
They  are  formed  liy  Ibe  edges  of  cryslalline  plates, 
usually  |  o,  of  the  nickeliferous  irou  of  different  com- 
position  {kamaciU,  laniU,  pUuile).  ns  shown  by  Ihe 
fact  that  they  ore  differently  attacked  hjr  the  acid. 


U^«). 


GlorletaMl..Nev 
distinct  crystalline 


lOre  or  less  deeply  pitted  with 
of  fall  Is  covered  with  a  film  of 
he  melting  caused  by  the  beat 
when  the  iron  is  expraed  to  tbe 


o  quadrilateral  depressions.     Some  Irons  sliow 

Tbe  exlerinr  of  masses  of  melunrlc  Iron  Is  usually 
rounded  Ihiimblike  depressions,  and  tbe  surface  at  the  lln: 
iron  oxide  in  fine  riJges  showing  litiea  of  flow  due  lo 
developed  by  the  resistance  of  the  air;  this  film  disappear 
weather. 

Meteoric  Iron  Is  always  nllnyed  with  nickel,  which  Is  u 
from  6  to  10  p.  c.  sometimes  much  more:  small  am< 
manganese,  tin,  capper,  chromium,  are  also  often  nresei 
be  detected.     Graphite,  In  scams  or  nodules,  also  troflite  (1 

nickel  phosphide)  are  commou  in  masses  of  meteoric  iron;  diamond,  daubreellte, 
rare.     Coh^ile,  sometimes  identified,  is  (Fe,Ni,Co)iC  in  tin-white  crystals. 


lually  present  In  amounts  varv in g 
imts  uf  other  melals,  as  cobalt, 
t.  Occluded  gases  can  usually 
-.Ipblde).  schreibeiBltB(lrou- 
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II.    SULPHIDES,    SELENIDES,   TELLITRIDES,    ARSENIDES, 

ANTIMONIDES. 

The  sulphides,  etc ,  fall  into  two  Groups  according  to  the  character  of  the- 
positive  element. 

I.  Sulphides,  Selenides,  Tellurides  of  the  Semi-Metals. 

II.  Sulphides,  Selenides,  Tellurides,  Arsenides,  Antimonides  of 
the  Metals. 


I.  Sulphides,  etc.,  of  the  Semi-Metals. 

This  section  includes  one  distinct  group,  the  Stibnite  Group,  to  which 
orpiment  is  related ;  the  other  species  included  stand  alone. 

RBAIiGAR. 

Mouoclinic.     Axes  a:l:t=  1-4403  :  1  :  0-9729;  fi  =  66°  5'. 

68^-  mm"\  110  A  UO  =  105'  34'.  rr*,  012  a  012  =  47°  57'. 

Crystals  short  prismatic;  striated  vertically.  Also  granular^ 
coarse  or  fine ;  compact ;  as  an  incrustation. 

Cleavage:  h,  rather  perfect.  Fracture  small  conchoidal. 
Sectile.  H.  =  l*5-2.  G.  =  3*556.  Luster  resinous.  Color 
aurora-red  or  orange-yellow.  Streak  varying  from  orange-red 
to  aurora-red.     Transparent — translucent. 

Comp. — Arsenic  monosulphide,  AsS  =  Sulphur  29 -9,  arsenio 
70-1  =  100. 

Pyr.,  etc. — In  the  closed  tube  melts,  volatilizes,  and  gives  a  traus- 

Na«''vac  parent  red  sublimate;  in  the  open  tube  (if  heated  very  slowly)  sulphuroua 

^^  °'  fumes,  and  a  white  crystalline  sublimate  of  arsenic  trioxide.     B.B.  on 

charcoal  burns  with  a  blue  flame,  emitting  arsenical  and  sulphurous  odors.     Soluble  in 

caustic  alkalies. 

Obs.— Often  associated  with  orpiment:  occurs  with  ores  of  silver  and  lead,  at  Felsobiinya 
and  Kapnik,  Hungary:  Nagyag;  Joachimslhal:  Schneeberg;  Andreasberg;  Binnenthal, 
Switzerland,  in  dolomite;  near  Julamerk  in  Kurdistan.  In  the  U.  S.,  in  Iron  county, 
Utah;  also  in  California,  San  Bernardino  Co.;  Trinity  Co.,  in  calcite.  Norris  Geyser  Basin,. 
Yellowstone  Park,  as  a  deposition  from  the  hot  waterjs.  The  name  realgar  is  from  the 
Arabic  Rah  j  al  ghfir,  powder  of  the  mine, 

ORPIMENT. 

Monoclinic*     Axes  d:h:  ()  =  1-2061  :  1  :  0-6743,  /3  =  90^  approx. 

Crystals  small,  rarely  distinct.  Usually  in  foliated  or  columnar  masses; 
sometimes  with  reniform  surface. 

Cleavage:  b  highly  perfect,  cleavage  face  vertically  striated;  a  in  traces; 
gliding-plane  c  (001).  Sectile.  Cleavage  laminae  flexible,  inelastic.  11.  =  ir)-2. 
O.  =  3'4-3-5.  Luster  pearly  on  b  (cleavage);  elsewhere  resinous.  Color 
lemon-yellow  of  several  shades  ;  streak  the  same,  but  paler.  Subtransparent — 
subtransliicent. 

Comp. — Arsenic  trisulphide,  As^S,  =  Sulphur  39'0,  arsenic  61  0  —  100. 


*Sec  Groth,  Tab.  Ueb.,  17,  1898.     The  fine  crystals  from  Mercur,  Utah,  are  distinctly 
mouoclinic  in  habit  (Penfield). 


SULPHIDES,   SELENIDES,  TBLLUEIDES,   ABSBNIDES,   ANTIMONIDES.         3SS 

Pyr^  ate.— In  the  cloiei)  mhe,  fuses,  TolHtlHses,  and  gives  a  dark  yellow  sulilliiiale; 
othr " • --■ ' —      "■ — '— -  ■ ' " ■•'  '••--  "■- 

: 

when  iu  phi  I 

Obi — Occurs  iu  small  crystftls  In  ck;  at  Tajowa,  in  Upper  Huugarj;  In  foliated  anil 
flbroUH  masses,  aiHoldawaJn  tbe  Banal;  at  Knpuik  and  FelsOMuyaln  metalliferous  Teiiis; 
at  tlie  Soirnturn  near  Naples.  Near  Julamerk  in  Kurdislan  a  large  Tiirklsli  miue.  Occurs- 
witL  realgar  in  senms  In  compact  clay  beneath  lava  Id  Iron  cimoty,  Ulnh:  also  flnelf 
CTysLallized  at  Mercur.  Among  the  duposita  of  the  Steamboat  Springs,  Nevatla;  also  witi) 
realgar  in  Ibe  yellowsluue  Far£. 

Tbe  name  orpiment  is  a  corruption  of  fts  Latin  name  auripigmeatum.  "  golden  paint," 
givea  in  allusion  to  the  color,  and  also  because  tlie  substance  was  supjiosed  io  contain  gold. 


Stibnite 

Biamiithiiiite 

Onan^natite 


StibDite  Group. 


Bi.S, 
Bi.Se, 


b  -.i 

1  :  101T9 
1  :  0-9850 
1  approi. 


The  species  of  the  Stibnite  Group  crystallize  in  the  orthorhombic  sjeten* 
aDd  have  perfect  brachydiagoual  cleavage,  yielding  flexible  laminte. 

Tbe  species  orpiment  is  iii  pbysical  properties  somewhat  related  Io  stibaile.  biitseema 
to  be  monocltnic  In  crystalliziitioti.  Ornlh  notes  tliat  the  oxide.  As,Oi.  [a  uioiiocliuic  In 
ciaudelite,  while  the  corresponding  compound.  SbiOifvalentinlte),  is  ort  bo  rhombic:  further 
he  remarks  on  the  rel.ition  in  form  and  pbysical  ciiarociers  between  orpiment  and  ckudetite. 

STIBNITE.    Antlmonite,  Antimony  Glance,  Cray  Aniimony,  Antimonglanz  Germ. 
Orthorhombic.     Axes  A:l:A  =  0-9926  •  1  :  1-0179. 


mm 

',110  A  110  =  83*34'. 

hv.  010  A  121  =  SB"  8'. 

pjf. 

in  A  ill  =  71-241'. 

bi,.   010  A  353  =  40*  101' 

M'. 

113  A  113  =  35°  531'. 

fir.  010  A  348  =  48*  33'. 

M-", 

113  A  li3  =  35"  30'. 

bp.    010  A  in  =  54- 36'. 

r  furrowed  vertically;  often  curved  or  twisted 


f^Z>^ 


Crystals  prismatic;  striated 
(cf.  p.  148).  Common  in  con- 
fused ajrgregates  or  radiating 
groups  of  acicnlar  crystals;  mas- 
sive, coarse  or  fine  columnar,  less 
often  granular  to  impalpable. 

Cleavage:  b  highly  perfect. 
Slightly  sectile.  Fractnre  small 
subconchoidal,  H.  =2.  0.  = 
4 "52-4-02.  Luster  metallic,  highly 
splendent  on  cleavage  or  fresh 
crystalline  surfaces.  Color  and 
streak  lead-gray,  inclining  to 
ateel-gray:  subject  to  blackish 
tarnish,  sometimes  iridescent. 

Comp. — Antimony  trisulphide, 
Sb,S,  =  Sulphur  28G,  antimony 
argentiferouB. 

Pyr^  ate.— Fuses  very  easily  (at  1>.  coloring  the  flame  greenish  blue.  In  the  open  tubs 
aulnhurons  (80,)  and  anUmonial  (chiefly  8b,0,l  fvimes.  the  latter  condensing  as  a  while 
■ubliinale  wliiab  B.B.  is  non- volatile.    On  charcoal  fus«e,  spreads  out,  gives  lulphuroua 


California. 
71-4  =  100. 


Hungary.  Japan. 

Sometimes   auriferous,  also 
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fumes,  and  coats  the  coal  white  with  oxide  of  antimoDy;  this  coating  treated  in  *R.  F. 
Tolatilizes  and  tinges  the  flame  greenish  blue.  When  pure  perfectly  soluble  in  hydrochloric 
Jicid:  in  nitric  acid  decomposed  with  separation  of  antimony  pentoxide. 

Difif.— Distinguished  (e.g,,  from  galena)  by  cleavage,  color,  softness;  also  by  its  fusibil- 
ity and  other  blowpipe  characters.  It  is  harder  than  graphite.  Resembles  sometimes 
certain  of  ihe  rarer  sulphantimonites  of  lead,  but  yields  no  lead  coating  on  charcoal. 

Obs. — Occurs  with  quartz  in  beds  or  veins  in  granite  and  gneiss,  often  accompanied 
with  various  other  antimony  minerals  produced  oy  its  alteration.  Also  associated  in 
metalliferous  deposits  with  sphalerite,  galena,  cinnabar,  barite,  quartz;  sometimes  accom- 
panies native  gold. 

Occuisat  Wolfsberg,  in  the  Harz;  Braunsdoi-f,  near  Freiberg;  Pi'ibram;  Casparizeche. 
'  near  ArnsbtMg,  Westphalia;  FelsObfinya,  Hungary;  in  Cornwall,  abundant  Also  abundant 
In  Borneo;  in  Victoria  and  New  South  Wales.  Groups  of  large  splendent  crystals  have 
•come  from  the  antimony  mint's  in  the  Province  of  lyo,  island  of  Shikoku,  Japan. 

lu  the  United  States  occurs  as  a  vein  of  some  extent  in  Sevier  county,  Ark.;  in  Cali- 
fornia at  San  Emigdio,  Kern  county,  and  near  Alta,  Benito  Co.;  in  the  Humboldt  mining 
region  in  Nevada;  in  Iron  county,  Utah.  In  New  Brunswick  in  Prince  William,  York 
county,  20  m.  from  Fredericton;  in  Rawdon  township,  Hants  Co..  N.  S. 

Metastibnite.  An  amorphous  brick-red  deposit  of  antimony  trisulphide,  SbaSa ,  oc- 
curring with  cinnabar  and  arsenic  sulphide  upon  siliceous  sinter  at  Steamboat  Springs, 
Washoe  Co.,  Nevada. 

BISMUTHINTTS.    Bismuth  Glance.     Wismuthglanz  Oerm. 

Orthorhombic.  Rarely  in  acicular  crystals.  7wm'"  =  8S°  8'.  Usually 
massive,  foliated  or  fibrous. 

Cleavage:  b  perfect.  Somewhat  sectile.  H.  =  2.  G.  =  6*4-6*5.  Luster 
metallic.  Streak  and  color  lead -gray,  inclining  to  tin- white,  with  a  yellowish 
or  iridescent  tarnish.     Opaque. 

Comp. — Bismuth  trisulphide,  Bi,S,  =  Sulphur  18  8,  bismuth  81*2  =  100. 
Sometimes  contains  a  little  copper  and  iron. 

IPyr.,  etc. — Fusibility  =  1.  In  the  open  tube  sulphurous  fumes,  and  a  white  sublimate 
which  B.B.  fuses  into  drops,  brown  while  hot  and  opaque  yellow  on  cooling.  On  cliar- 
conl  at  tirst  gives  sulphurous  fumes;  then  fuses  with  spirting,  and  coats  the  coal  with 
yi-llow  bismuth  oxide;  with  potassium  iodide  a  bright  red  coating  of  bismuth  iodide  is 
obtained.  Dissolves  readily  in  hot  nitric  acid,  and  a  white  precipitate  falls  on  diluting 
with  water. 

Obs. — Found  at  Brandy  Gill,  Carrock  Fells,  in  Cumberland;  near  Redruth,  etc.  In 
France  at  Meymac,  Covri^ze:  at  Johann;;reorgenstadt,  Schneeberg;  at  Witticheu,  Baden;  at 
Hiddarhyttan.  Sweden;  near  Sorata,  Bolivia. 

In  the  U.  S.,  occurs  with  gold  in  Rowan  Co.,  N.  C,  at  the  Barnhardt  vein;  sparingly 
at  Willimautic,  Conn.;  abundant  in  Beaver  Co  .  Utah. 

Ouanajuatite.  Frenzelite:  Selenwismuth£rlan7.  Oerm.  Bismuth  selenide.  Bi^Ses, 
sometimes  with  a  small  amount  of  sulphur  replncing  selenium.  In  acicular  crystals;  also 
massive,  granular,  foliated  or  fibrous.  Cleavage:  d  distinct.  H.  =  2-5-3-5.  G.  =6  25- 
6  62.  Luster  metallic.  Color  bluish  gray.  From  the  Santa  Catarina  mine,  near  Guana- 
juato, Mexico. 


TETRADYMITE.    Tellurwismuth  Oerm. 

Rhombohedral.  Crystals  small,  indistinct.  Commonly  in  bladed  forms, 
foliated  to  granular  massive. 

Cleavage:  basal,  perfect.  Laminae  flexible;  not  very  sectile.  H.  =  1*5~2; 
43oils  paper.     G.  =  7-2-7'6.     Luster  metallic,  splendent.     Color  pale  steel-^ray. 

Comp.,  Var. — Consists  of  bismuth  and  tellurium,  with  sometimes  sulphur 
and  a  trace  of  selenium ;  the  analyses  for  the  most  part  afford  the  general 
formula  Bi,(Te,S),. 

Var.— 1.  Free  from  sulphur.     BiaTe,  =  Tellurium  481,  bismuth  51  -9.    G.  =  7642  from 
Bahlonega.    Var!  2.  Sulphurous.    2Bi9Te9.BiaS3  =  Tellurium  864,  sulphur  46,  bismuth 
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50  0  =  too.  Tli<9  <B  the  more  cummOD  variety  and  iDcliidt-a  tie  UlnulymiU  of  IlikiUiuger 
ill  cryiilals  from  Schubkaii. 

Pyr.— Id  the  open  tube  a  wli[le  sublimate  of  tellurium  (IJuxido,  wliicli  B.B.  fuaea  lo 
colurless  di-ups.  Ou  ulinrcoal  f uks,  gives  white  fumes.  iidiI  eulirety  TolatilJKts;  tinges  tlie 
B.F.  bluUh  green:  co-Ks  tlic  cool  at  &n\  while  (TeO,),  and  flaally  oraage-yelUm  (BiiUil; 
tome  varieties  give  sulphurous  and  stlenous  oilors. 

Ob*. — Occurs  at  Scliubkaii  near  Scheniiiilz;  Ilezbnnyu:  Orawitai  in  the  Baiiat;  Ttlli'- 
mark  in  Norway;  Bahtiiat-s  mhiu.  nviir  KldiliirhyttHD,  Sweden.  Iti  llie  U.  S..  io  Virginia. 
at  Uie  Whitcliall  gold  mines,  SiMrtlgylvunia  Co.;  in  DavIdBon  Co..  N,  C.  and  In  the'^old 
washings  of  Uurkeuml  McDowell  coimliea,  etc.;  similarly  inMonlana.  At  Ihi- Montgomery 
mine,  Arizona.  Named  from  TfZ0d6vnui,  fourfold,  lu  allusloD  to  complex  twin  crysbiia 
BOmetlmes  observed. 

Josalte.— A  liismiith  tellurlde  (Te  80 1>.  c,  also  8  and  Se).    O.  =  T  9.    San  Jogg.  Brazil* 

Wehrlite.  A  foliated  bismuth  telluride  (Te  30  p.  c.)  of  doubtful  formula.  G.  =  84. 
Deutscli-Pilscn,  Hungary. 

HOIiTBDENITB.    MolybdIlDglanK  Oerm. 

Crystals  hexagonal  in  form,  tabular,  or  short  prisms  slightly  tapering  and 
horizontally  striated.  Commonly  foliated,  niaseive  or  in  scales;  also  tine 
grannlur. 

Cleavage:  basal  eminent.  Laminie  very  fleiible,  but  not  elastic.  Sectile. 
II,  =  1-1'5.  G.  =  4'7-4*8.  Luster  metallic.  Color  pure  lead-gray;  a  bluish 
gray  traco  on  paper.     Opaque.     Feel  greasy. 

Comp. — Molybdenum  disulphide,  MoS,  =  Sulphur  40*0,  molybdenum  G0*0 
=  100. 

Pyr.,  eto— In  the  open  tube  lulphuroui  fumes  and  a  pale  yellow  crystalline  sublimato 
of  molybd<^num  Irioxlde  (MoO,).  B.ll.  \i\  the  roree[M  fnfuilble,  imparls  a  yellowUh-grcen 
coliir  lo  the  flame;  on  churcoal  the  pulveilKnl  mlnenl  givei  lu  U.P.  a  slroug ikIot of  sul- 
phur, and  coats  tliQ  coil  with  cryslala  of  roulybdic  oxide,  yallow  while  hot,  wliiie  on  cool- 
ing; itCBrlheaMUlbA«MtlPcf>OOppcr.rcd.  and  If  the  white  coating  lie  touched  with  an 
intermtUM^SlfltaifiEnM*  a  boantltiil  azure-blue  color.     Decomposed  hy  ullric  acid, 

' ' — ""^^^PJB^fclwlMilB, 

fMemWw  gmphtle  In  MflDCSs  ami  structure  (see  p.  273),  bul  has  a  bluer 
>.<  —  1  ,j i_i charooal. 

ed  throiiKh,  eranitc,  (roeiss. 

..     An-ndal 

.  Bohemia:  near  Miash.  Urals; 
In  Cumberland:  at  several  of  llie 

gnelns:  In  Vrrmoiit,  at  Newport; 

Koulheasl  of  Warwick;  in  />cn».. 
-J.  V:  III  Ciiimda.  at  St.  .iL-nlme, 
iO  ID  Aldfii'ld  township,  P.mtiac 


^9        i  ^  """"mlnated  throiigli,  granite,  gneiss,  zircoi 

Wi**^r  ht^tmf  ^^ ^  'f.  AlNumedal,  .Snellen;  Arendi 


some  8iit>slances  containing  lead, 
Hiic,  ...  -,    M  «^    "  compounds  of  antimony.     The 

disllnciion  betwieu  g..., .  Jy^^^  'shed  by  Scheele  hi  1778-79. 

n.  Snlphidei,  Selenides,  TellurideB,  Arsenides,  Antimonides  of 
the  Metals. 

The  snlphides  of  this  second  section  fall  into  four  divisions  dependin]^ 
niion  the  proportion  of  the  negative  element  present.  These  divisions  with 
the  groups  belonging  to  them  are  as  follows: 
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59  0  =  100.    This  is  the  more  common  variety  and  includes  the  tetradymUe  of  Iluidiuger 
in  crystals  from  Schubkau. 

Fyr. — In  the  open  tube  a  white  sublimate  of  tellurium  dioxide,  which  B.B.  fuses  lo^ 
colorless  drops.  On  charcoal  fuses,  gives  white  fumes,  and  entirely  volatilizes;  tinges  tiie 
RF.  bluish  green;  coals  the  coal  at  first  white  {TeO«),  and  finally  orange-yellow  (Bi,0$); 
some  varieties  give  sulphurous  and  selenous  odors. 

Obt. — Occui-s  at  Schubkau  near  Schemnllz;  Rezbanya;  Orawitza  in  the  Banat;  Telli*- 
mark  in  Norway;  Bastuaes  mine,  near  Riddurhytian,  Sweden.  In  the  U.  S.,  in  Virginia, 
at  the  Whitehall  gold  mines,  Spottsylvania  Co.;  in  Davidson  Co..  N.  C,  and  in  the  gold 
washings  of  Burke  and  McDowell  counties,  etc. ;  similarly  in  Montana.  At  the  Montgomery 
mine,  Arizona.  Named  from  Terpccdvuo^,  fouffold,  in  allusion  to  complex  twin  crysUila 
sometimes  observed. 

Joaeite.— A  bismuth  telluride  (Te  80  p.  c,  also  8  and  Se).     G.  =  7  9.    San  Jos€,  Brazil^ 

Wehrlite.  A  foliated  bismuth  telluride  (Te  80  p.  c.)  of  doubtful  formula.  Q.  =  8*4. 
Deutsch-Pilseu,  Hungary. 

MOLTBDBNITB.    Molybdftnglanz  Oerm. 

Crystals  hexagonal  in  form,  tabular,  or  short  prisms  slightly  tapering  and 
horizontally  striated.  Commonly  foliated,  massive  or  in  scales;  also  fine 
granular. 

Cleavage:  basal  eminent.  Laminae  very  flexible,  but  not  elastic.  Sectile. 
H.  =  1-1-5.  G.  =  4-7-4-8.  Luster  metallic.  Color  pure  lead-gray;  a  bluish 
gray  trace  on  paper.     Opaque.     Feel  greasy. 

Gomp. — Molybdenum  disulphide,  MoS,  =  Sulphur  400,  molybdenum  60"O 
=  100. 

P3rr«  etc — In  the  open  tube  sulphurous  fumes  and  a  pale  yellow  crystalline  sublimate 
of  molybdenum  trioxide  (MoO$),  B.B.  in  the  forceps  infusible,  imports  a  yellowish-green 
color  to  the  flame;  on  charcoal  the  pulverized  mineral  gives  in  O.F.  a  strouc  odor  of  sul- 
phur, and  coats  the  coal  with  cirstals  of  molybdic  oxide,  yellow  while  hot,  white  on  cool- 
ing; near  the  assay  the  coating  is  copper- red.  and  if  the  white  coating  be  touched  with  an 
intermittent  R.F..  it  assumes  a  lieautiful  azure-blue  color.  Decomposed  by  nitric  acid, 
leaving  a  white  or  grayish  residue. 

Di£ — Much  resembles  grophite  in  softness  and  structure  (see  p.  278),  but  has  a  bluer 
trace  on  paper  and  readily  yields  sulphur  on  charcoal. 

Obs.— Generally  occurs  embedded  in,  or  disseminated  through,  granite,  gneiss,  zircon- 
syenite,  granular  limestone,  and  other  crystalline  rocks.  At  Nuinedal.  Sweden;  Arendal 
and  Laurvik  in  Norway;  Altenberg,  Saxony;  Zinnwald,  Bohemia;  near  Miask,  Urals; 
Chessy  in  France;  in  Italy,  at  Traversella;  Carrock  Fellf,  in  Cumberland;  at  several  of  the 
Cornish  mines. 

In  Maine,  at  Blue  Hill  Bay;  in  Conn.,  nt  Haddam.  in  gneiss;  in  Vermont,  at  Newport; 
in  N  /fowip»Ai>tf,nt  Westmoreland;  in  N.  York,  two  miles  southeast  of  Warwick;  in  Penn,^ 
in  Chester,  near  Reading;  near  Concord,  Cabarrus  Co.,  N.  C.  In  Canada,  at  St.  Jerome, 
Quebec:  in  large  crystals  in  Renfrew  county,  Ontario;  also  in  Aldfield  township,  Pontiao 

Co.,  Quebec. 

Named  from  n6XvfSHo<i,  lead;  the  name,  first  given  to  some  substances  containing  lead, 
later  included  graphite  and  molybdenite,  nnd  even  some  compounds  of  antimony.  The 
distinction  between  graphite  and  molybdenite  was  established  by  Scheele  in  1778-79. 

II.  Sulphides,  Selenides,  Tellurides,  Arsenides,  Antimonides  of 

the  Metals. 

The  sulphides  of  this  second  section  fall  into  four  divisions  depending- 
upon  the  proportion  of  the  negative  element  present.  These  divisions  with 
the  groups  belonging  to  them  are  as  follows: 
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A.  Basic  Division. 

I  n 

B.  Monosulphides,  Monotellurides,  etc.,  B,S,  RS,  etc. 

1.  Galena  Group.     Isometric,  normal  group. 

2.  Clialcocite  Group.     Orthorhombic. 

S.  Sphalerite  Group.     Isometric-tetrahedral. 

4.  Cinnabar— Wurtzite—Millerite  Group.    Hexagonal  and  rhombohedraL 

C.  Intermediate  Division. 

Embraces  Melonite,Te,S,;  also  Bornite,  3Cu,S.Fe,S,;  Linneeite,  CoS.Co,S,; 
Chalcopyrite,  Cu,S.Fe,S,;  etc. 

D.  Disulphides,  Diarsenides,  etc.,  ES,,  BAs,,  etc. 

1.  Pyrite  Group.     Isometric-pyritohedral. 
IS.  Marcasite  Group.     Orthorhombic. 


A.  Basic  Division. 


The  basic  division  embraces  several  rare  basic  compounds  of  silver  or  copper 
chiefly  with  antimony  and  arsenic.  Of  these  the  crystallization  of  dyscrasite 
only  is  known. 

DTSCRASITB.    ADtimoDsllber  Oenn, 

Orthorhombic.  Axes  a  :  h  :  d  =  0*5775  :  1  :  0*6718.  Crystals  rare,  pseudo- 
hexagonal  in  angles  {mm'"  =  60"  1')  and  by  twinning.  Also  massive.  Frac- 
ture uneven.  Sectile.  H.  =  3*5-4.  G.  =:^  9*44-9*85.  Luster  metallic.  Color 
and  streak  silver-white,  inclining  to  tin-white;  sometimes  tarnished  yellow  or 
blackish.     Opaque. 

Comp. — A  silver  antimonide,  including  AgjSb  =  Antimony  27*1,  silver 
72-9  =  100,  and  Ag.Sb  =  Antimony  15*7,  silver  84*3  =  100,  and  perhaps  other 
compounds. 

Analyses  vary  widely,  some  confomiiug  also  to  AgaS.  Ag4(Sb,As)s,  etc.  By  some 
authors  classed  with  chalcocite. 

'Byr.y  etc.— B.B.  on  charcoal  fuses  lo  a  globule,  coating  the  coal  with  white  antimony 
trioxide  and  liiially  giving  a  globule  of  almost  pure  silver.  Soluble  in  nitric  acid,  leaving 
antimony  trioxide. 

Obs.— Occurs  near  Wolfach,  Baden;  Wittichen;  Andreasberg  in  the  Harz;  Allemont, 
France.     Named  from  dvcTKfjdcrtS,  a  bad  alloy. 

Horsfordite.  A  silver-white,  massive  copper  antimonide,  probably  CueSb  (Sb  24  p.  c). 
G.  =  8*8.     Asia  Minor,  near  Mylilene. 

HuNTiLiTE,  ANI^^KITE.  The  ores  from  Silver  Islet,  Lake  Superior,  apparently  contain 
:a  silver  arsenide  ihnntilite,  Ag3As?)and  perhaps  also  a  silver  antimonide  {animikite,  AgaSb?), 
the  latter  related  to  or  identical  with  dyscrasite. 

Domeykite.— Copper  arsenide,  CuaAs.  Reniform  and  botryoidal;  also  massive,  dis- 
seminated. G.  =  7-2-7-T5.  Luster  metallic.  Color  tin-white  to  steel-gray,  readily  tar- 
Dished.  From  several  Chilian  mines;  also  Zwickau,  Saxony.  In  N.  America,  with  uiccolite 
at  Michipicoten  Island,  L.  Superior. 

Algodonite.  Copper  arsenide,  CueAs  (As  16'5  p.  c);  G.  =  7  62.  Resembles  domeyk- 
ite.    From  Chili;  also  L.  Superior. 

Whitneyite.  Copper  arsenide,  CubAs  (As  ITG  p.  c).  G.  =  8*4-8'6.  Color  pale  red- 
dish  white.     From  Houghton  Co..  Michigan;  Sonora,  L.  California. 

Ohilenite.     Perhaps  Ag«Bi.     Copiapo,  Chili. 

Stiltzite.    A  rare  silver  telluride  (Ag4Te?).    Probably  from  Nagydg. 
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Argentite 

Ag,S 

Jalpaite 

(Ag,Cu).S 

Hessite 

Ag,Te 

Agoilarite 

Ag,Se 

B.  Monosulphides,  Monolellurides,  etc.,  B,S,  BS,  etc. 

1.  Galena  Group.     Isometric. 

<haeiia  PbS 

Also,  (Pb,Cu,)S,  (Cu.,Pb)S 

Altaite  PbTe 

ClausthaUte  PbSe 

Namnannite  (Ag,,Pb)Se 

The  following,  known  only  in  massive  form,  probably  also  belong  here: 
Berzelianite  Cu.Se  Zorgite  (Pb,Cu„Ag,)Se  ? 

lehrbachite  (Pb,HgJSe  Crookesite  (Cu,Tl,Ag),Se 

Sucairite  Cu,Se.Ag,Se 

The  Galena  Group  embraces  a  number  of  monosulphides,  etc,  of  the 
related  metals,  silver,  copper,  lead,  and  mercury.  These  crystallize  in  the 
normal  group  of  the  isometric  system,  and  several  show  perfect  cubic  cleavage. 
These  characters  are  most  distinctly  exhibited  in  the  type  species,  galena. 


OALENA,  or  Galenite.    Lead  glance.    Bleiglanz  Qerm. 
693.  694.  696. 


696. 


Isometric.  Commonly  in  cubes,  or  cu bo-octahedrons,  less  often  octahedraL 
Also  in  skeleton  crystals,  reticulated,  tabular.  Twins:  tw.  pi.  o,  both  contact- 
and  penetration-twins  (Figs.  363,  366,  p.  123),  sometimes  repeated;  twin 
tsrystals  often  tabular  ||  o.  Also  other  tw.  planes  giving  polysynthetic  tw. 
lamellae.  Massive  cleavable,  coarse  or  fine  granular,  to  impalpable;  occasion- 
ally fibrous  or  plumose. 

Cleavage  :  cubic,  highly  perfect;  less  often  octahedral.     Fracture  flat  sub- 
conchoidal   or   even.      H.  *=  2-5-2-75.      G.  =  7-4-7-6. 
Luster    metallic.     Color  and  streak  pure    lead-gray. 
Opaque. 

Gomp.,  Tar. — Lead  sulphide,  PbS  =  Sulphur  134, 
lead  86*6  =  100.  Often  contains  silver,  and  occasionally 
selenium,  zinc,  cadmium,  antimony,  bismuth,  copper,  as 
sulphides ;  besides,  also,  sometimes  native  silver  and  gold. 


697. 


Var. — 1.  Ordinary,  {n)  Crystallized;  (h)  somewhat  fibrous 
and  plumose;  {c)  cleavable.  granular  coarse  or  fine;  (d)  crypto- 
crystalline.  The  variety  with  octahedral  cleavage  is  rare';  the 
usual  cubic  cleavage  is  obtained  readily  after  heating  to  200"  or 
800*:  the  peculiar  cleavage  may  be  connected  with  tbe  bismuth 
usually  present. 

2.  Argentiferous.  All  galena  is  more  or  less  argentiferous,  and  uo  external  characters 
flerve  to  distinguish  the  kinds  that  are  much  so  from  those  that  are  not.  The  silver  Is 
•detected  by  cupellation,  and  may  amount  from  a  few  thousandths  of  one  per  cent  to  one 
per  cent  or  more;  when  mined  for  silver  it  ranks  as  a  $ilter  ore. 


p{22lU  t/(554) 
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8.  Coutainlng  arsenic,  or  antimony,  or  a  compound  of  tbese  metals,  as  impurity.  Here 
belong  bleUchicey  from  Claustbal  wiih  0*22  Sb,  and  iteinmannite  fri>m  Pfibrum,  witb  both 
arsenic  and  aiitiiiiouy. 

Pyr. — In  tbe  open  tube  gives  sulpburous  fumes.  6.B.  on  cbarcoal  fuses,  emits  sul- 
pburous  fumes,  coats  tbe  coal  yellow  near  tbe  assay  (PbO)  and  wbite  with  a  blui^b  border 
at  a  distance  (PbSO«,  cbietly),  and  yields  a  ulobule  of  metallic  lead.  Decomposed  by 
strong  nitric  acid  witb  tbe  separation  of  some  sulpbur  and  tbe  formation  of  lead  sulpbate. 

Diff. — Distinguisbed.  ext  ept  in  very  tine  granular  varieties,  by  its  cubic  cleavage;  ibe 
colui*  and  tbe  bigii  specidc  gravity  are  cbaracteristic;  also  tbe  blowpipe  reactions. 

Obs. — One  of  tbe  mo^^t  widely  distributed  of  the  metallic  sulpbides.  Occurs  iu  beda 
and  veins,  both  in  crystalline  and  uucrystalline  rocks.  It  is  often  associated  witb  pyrite, 
marcasite,  sphalerite,  cbaicopyrite,  arsenopyrite,  etc.,  in  a  gangue  of  quartz,  calcite,  birite 
or  fluorite,  etc.;  also  witb  cerussite,  angiesite,  and  other  salts  of  lead,  which  are  frequent 
results  of  its  alteration.    It  is  also  common  witb  gold,  and  iu  veins  of  silver  ores. 

At  Freiberg  in  Saxony  it  occupies  veins  in  gneiss;  in  Spain,  in  granite  at  Linares,  also- 
in  Catalonia.  Grenada,  and  elsewhere;  at  Claustbal  and  Neudorf  in  tbe  Harz.  and  at 
Pfibram  in  Bohemia,  it  forms  veins  in  clay  slate;  similarly  in  Styria;  at  Sala  in  Sweden  in 
veins  in  granular  limestone;  tbrough  the  ^raywacke  of  Leadbills  and  the  killas  of  Cornwall, 
in  veins;  filling  cavities  in  tbe  Subcarboniferous  limestone  in  Derbysbire.  Cumberland,  and 
the  northern  districts  of  England;  also  at  Bleiberg.  Carintbia.  In  tbe  English  mines  it  i» 
associated  with  calcite,  pearl  spar,  iluorite.  barite,  wiiberite,  calamine,  and  spbalerite. 
Otber  localities  are  Joacbimstbal,  Bohemia;  Poullaouen  and  Huelgoet,  Brittany;  Sardinia; 
Nerchinsk,  East  Siberia;  Australia;  Chili;  Bolivia,  etc. 

Extensive  deposits  of  this  ore  in  tbe  United  States  exist  in  Missouri,  Illinois,  Iowa,  and 
Wisconsin.  Tbe  ore  occurs  not  in  veins  but  filling  cavities  or  chambers  in  stratified 
limestone,  of  different  periods  of  tbe  Lower  Silurian,  especiallj*^  tbe  Trenton,  also  in  part 
Subcarboniferous.  It  is  associated  with  sphalerite,  smitb^ouite.  calcite,  pyrite.  The 
Missouri  mines  are  situated  in  the  counties  of  Wtisbington,  Jefferson,  Madison  and  others. 
Good  crystals  are  obtained  at  Joplin.  Jasper  Co.  Also  occurs  in  ^eto  York,  at  Rossie, 
St.  Lawrence  Co.,  in  crystals  with  calcite  and  cbaicopyrite;  iu  Maine,  at  LuImc.  etc.;  in 
Mass.,  at  Southampton,  Newburyport,  etc;  in  Fenn.,  at  Phenixville  and  elsewhere;  in 
Virginia,  at  Austin's  mines  in  Wythe  Co.,  and  other  places;  in  Tenn  ,  at  Haysboro,  near 
Nashville;  in  Mich.,  in  tbe  Lake  Superior  copper  district  and  on  tbe  N.  shoi*e  of  L.  Superior; 
in  California,  at  many  of  the  gold  mines;  in  Nevada,  abundant  in  the  Eureka  district;  in 
Arizona,  in  the  Castle  Dome,  EurekH,  and  other  districts.  In  Colorado,  at  Leadville  there 
are  productive  mines  of  argentiferous  galena,  also  at  Georgetown,  the  San  Juan  district  and 
elsewhere.  Mined  for  silver  in  tbe  Coeur  d'AlOne  region  iu  Idaho;  also  at  various  points  in 
Montana. 

The  name  galena  is  from  the  Latin  galena  {y(^^i^yTj),  a  name  given  to  lead  ore  or  tbe 
dross  from  melted  lead. 

CuPROPLUMBiTE.  A  massivc  mineral,  from  Clnli.  varying  in  characters  from  galena  to 
those  of  chalcocife  and  covellite;  composition.  Cu2S.2Pl)S(?).  Alisonite  is  massive,  deep 
indigO'blue  quickly  tarnishing;  corresponds  to  SCuaS.PhS.  From  Mina  Grande,  Chili. 
Whether  tbese  and  similar  minerals  represent  definite  homogeneous  compounds,  or  only 
ill-defined  nltenition-products,  is  uncertain,  and  if  so  it  is  n.ot  clear  whether  they  should  be 
classed  with  isometric  galena  or  witb  orthorhombic  chalcocite. 

Altaite.  Lead  telluride,  AqTe  Rarely  in  cubic  crystals,  usually  massive  with  cubic 
cleavage.  G.  =  8*16.  Color  tin-white,  with  yellowish  tinge  tarnishing  to  bronze-yellow. 
From  the  Altai,  with  hessite;  Coquimbo,  Chili;  California;  Colorado. 

Clausthalite.  Lead  selenide.  PbSe.  Commonly  iu  fine  granular  masses  resembling 
galena.  Cleavage:  cubic.  G.  =  7  6-8*8.  Color  lead-gray,  somewhat  bluish.  From  tbe 
Harz,  at  Claustbal,  etc.;  Cacbeutamine,  Meudoza.  S.  A.   Tilkerodite  is  a  coballiferous  variety. 

Naumannite.      Silver-lead   telluride   (Aga.Pb)Se.      In   ctibic  crystals ;    also  massive,. 

franular,   in  thin   plates.      Cleavage:    cubic.     G.  =  8*0.      Color  and   streak   iron-black, 
'rom  Tiikerode  in  the  Harz. 

ARGBNTTTE.     Silver  Glance.     Silberglanz  Oerm,      >'  '«'.--  ^  '  > 

Isometric.  Crystals  often  octahedral,  also  at,  o;  often  distorted,  frequently 
grouped  in  reticulated  or  arborescent  forms;  also  filiform.  Massive;  em- 
bedded ;  as  a  coating. 

Cleavage :  a,  d  \n  traces.    Fracture  small  subconchoidal.    Perfectly  sectile. 
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H.  =  2-2'5.     G.  =  7*20-7'36.     Luster  metallic.     Color  and  streak  blackish 
lead-gray;  streak  shining.    Opaque. 

Comp.— Silver  sulphide,  Ag,S  =  Sulphur  13-9,  silver  87*1  =  100. 

P3rr-,  etc. — In  the  open  tube  gives  off  sulphurous  fumes.  B.B.  on  clinrcoul  fuses  with 
intumesceDce  in  O.  F.,  emittiog  sulphurous  fumes,  aud  yieldiug  a  globule  of  silver. 

THS, — Distinguished  from  other  sulphides  by  being  readily  cut  with  a  knife;  also  by 
yielding  metallic  silver  pn  charcoul. 

Obs. — Found  at  Freiberg.  Joachimsthal,  etc.;  Schemnitz,  Hungary;  in  Norway  near 
Eongsberg;  in  the  Altai;  in  Cornwall;  Peru;  Chili;  Mexico  at  Guanajuato,  etc. 

Occurs  in  Nevada,  at  the  Comstock  lode;  at  the  Silver  King  mine,  Arizona;  at  mioes 
near  Port  Arthur  on  north  shore  of  Lake  Superior;  with  native  silver  and  copper  ia 
nortbern  Michigan. 

Jalpaitr  is  a  cupriferous  argentitc  from  Jalpa,  Mexico. 

Hessite.  Silver  telluride,  AgsTe.  Isometric.  Usually  massive,  compact  or  fine* 
grained.  Cleavage  indistinct.  Somewhat  sectile.  H.  =  2*5-3.  G.  =  8'31-8'45.  Color 
between  lead-gray  and  steel-gray.  From  the  Altni;  at  Nagydg  in  Transylvania;  Rezbanya, 
Hungary;  Chili,  near  Arqueros,  Coquimbo.  In  the  U.  S.,  Calaveras  Co.,  Cal.;  Boulder 
Co.,  Colorado;  Utah.  This  species  also  of. en  contains  gold  and  thus  graduates  toward 
petzite. 

Petzite.  (Ag,Au)iTe  with  Ag  :  Au  =  3 :  1.  Massive;  granular  to  compact.  Slightly 
seclil  to  brittle.  H.  =  2-5-3.  G.  =  8-7-902.  Color  steel-gray  to  iron-black;  tarnishing. 
From  Nagydg,  Transylvania;  Colorado;  California. 

Agnilarite.  Silver  selenide,  Ag^S  and  Aga(S.Se).  In  skeleton  dodecahedral  crystals. 
Sectile.    G.  =  7*586.    Color  iron-black.    From  Guanajuato,  Mexico. 

Berzelianite.  Copper  selenide.  CugSe.  In  tbin  dendritic  crusts  and  disseminated. 
Q.  =  6*71.  Color  silver- white  tarnishing.  From  Skrikerum,  Sweden;  Lehrbach,  in  the 
Harz. 

Lehrbachite.  Selenide  of  lead  and  mercury,  PbSe  with  HgSe.  Massive,  granular. 
Q.  =  78.     Color  lead- gray  to  iron-black.    From  Lehrbach,  in  the  Harz. 

Bucairite.  CusSe.AgaSe.  Massive,  granular.  G.  =  750.  Color  between  silver-white 
and  lead-gray.    From  the  Skrikerum  copper  mine,  Sweden;  also  Chili. 

Zorgite.  Selenide  of  lead  and  copper  in  varying  amounts.  Massive,  granular. 
G.  =  7-7-5.     Color  dark  or  light  lead-gray.     From  the  Harz;  Cacheuta,  Argentina. 

Orookesite.  Selenide  of  copper  aud  thallium,  also  silver  (1-5  p.  c),  (Cu,Tl,Ag)»Se. 
Massive,  compact.  G.  =  6*9.  Luster  metallic.  Color  lead-gray.  From  the  mine  of 
Skrikerum,  Sweden. 

Umangite.  CuSe  CuaSe.  Massive,  fine-granular  to  compact.  H.  =3.  G.  =  5*620. 
Color  dark  cherry-red.    From  La  Rioja,  Argentina. 

2.  Chalcocite  Group. 


a:h:i 

Chalcocite 

Cii,S 

0-5822  : 1  :  0-9r01 

Stromeyerite 

Ag,S.Cu,S 

0-5822  : 1  :  0-9668 

Sternbergite 

Ag,S.Fe,S. 

0-5832  ;  I  :  0-8391 

Frieseite 

0-5970  :  I  :  0-7352 

Acanthite 

Ag,S 

0-6886  :  1  :  0*9944 

The  species  of  the  Chalcocite  Group  crystallize  in  the  orthorhombic 
system  with  a  prismatic  an^le  approximating  to  60°;  they  are  hence  psendo- 
bexagonal  in  form  especially  when  twinned.  The  group  is  parallel  to  the 
Galena  Group,  since  Cu,  appears  in  isometric  form  in  cuproplumbite  and  Ag,S 
also  in  argentite.     Some  authors  include  dyscrasite  here  (see  p.  286). 


290 


DBSCRIPTIVE  MIKBRALOOT. 


OHALCOCITB.     Copper  Qlance.     Redruthite.    Kupferglanz  Qerm, 
Orthorhombic.    Axes  a\l\t  =  0-5822  : 1 :  0-9701. 


mm",  110  A  110=  60"  25'. 
dd\  021  A  021  =  las'*  28'. 


cp.  001  Alll  =  62*85i'. 
pp"\  111  A  111  =  SS**  3i'. 


698. 


699. 


Crystals  pseudo-hexagonal  in  angle,  also  by  twinning,  (tw.  pi.  m).    Often 
massive,  structure  granular  to  compact  and  impalpable. 

•  Cleavage  ;  m  indistinct.  Fracture  conchoidal. 
Rather  brittlfe.  H.  =  2-5-3.  G.  =  5*5-5-8.  Luster 
metallic.  Color  and  streak  blackish  lead-gray,  often 
tarnished  blue  or  green,  dull.     Opaque. 

Comp.--Cuprou8  sulphide,  Cu,S  =  Sulphur  20*2, 
copper  79*8  =  100.  Sometimes  iron  in  small  amount 
is  present,  also  silver. 

Pjrr,  etc. — In  the  open  tube  gives  sulphurous  fumes.  B.B. 
on  charconl  melts  to  a  globule,  which  boils  with  spirting;  the 
fine  powder  roasted  at  a  low  temperature  on  charcoal,  then 
hented  in  R.F.,  yields  a  globule  of  metallic  copper.  Soluble 
in  nitric  acid. 

"DiSL — Resembles  argenite  but  much  more  brittle;  bornite 
has  a  different  color  on  the  fresh  fracture  and  becomes  mag- 
netic B.B. 

Obs. — Cornwall   ajBtords  splendid   crystals,  especially  the 

districts  of  Saint  Just,  Camborne,  and  Redruth  {redruihite). 

Occura  at  Joachimsthal,   Bohemia ;   Tellemarken,  Norway ; 

compact  and  massive  varieties  in  Siberia;  Saxony;  Mt.  Catini 

mines  in  Tuscany;  Mexico;  8.  America. 

In  the  U.  S.,  Bristol,  Conn.,  has  afforded  lar^re  and  brilliant  crystals;  also  found  at 

Simsbury  and  Cheshire;  at  Schuyler's  mines,  N.  J. ;   in  Nevada,  in  Washoe,  Humboldt, 

Churchill  and  Nye  counties:  in  Montana,  massive  at  Butte  City.     Found  in  Canada,  with 

chalcopyriie  and  bornite  at  the  Acton  mines  and  elsewhere  in  the  province  of  Quebec. 

Stromeyerite.  (Ag.Cu)QS,  or  AgaS.Cu^S.  Rarely  in  orthorhombic  crystals,  often 
twinned.  Commonly  massive,  compact.  H.  =  2*5-3.  G.  =  615-6'8.  Luster  metallic. 
Color  and  streak  dark  steel-gray  From  the  Zmeiiiogorsk  mine,  Siberia;  Silesia;  also  Chili; 
Zacatecas,  Mexico;  the  Ueintzelman  mine  in  Arizona;  Colorado. 


8TERNBERGITE. 

Orthorhombic.  Crystals  tabular  |  c.  Commonly  in  fan-like  as^gregations; 
twins,  tw.  pi.  m.  Cleavage  :  c,  highly  perfect.  Thin  laminae  flexible,  like 
tin-foil.  H.  =  1-1*5.  G.  =  4-215.  Luster  metallic.  Color  pinchbeck-brown. 
Streak  black.     Opaque. 

Comp.    AgFe^S,  or  Ag,S.Fe,S,  =  Sulphur  30-4,  silver  34-2,  iron  35-4  =  100. 

Obs.— Occurs  with  pyrargyrite  and  stephanite  at  Joachimsthal,  Bohemia,  and  Johann- 
georgenstudt,  Su.xony. 

Fuieseitp:.  Near  stern bergite.  In  thick  tabular  crystals:  H.  =  2*5;  G.  =  4'22.  Color 
dark  gray.     Composition  AgaFcbSs.     Occurs  with  marcasite  at  Joachimsthal. 

Acanthite  Silver  sulphide,  Ag^S,  like  argentite.  In  slender  prismatic  crystals 
(orthorhombic).  Sectile.  G.  =  7'2-7-3.  Color  iron-black.  Dec ui-s  at  Joachimsthal;  also 
at  Freiberg.  Saxony,  and  at  Schneeberg. 

It  has  been  suggested  that  acanthite  may  be  only  argentite  in  distorted  isometric  crystals. 
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Sphalerite  Group.    RS.     Isometric-tetrahedral, 

Hg(S.8e) 

MdS 

HgTe 


Onofrite 

AUbandits 

Colaradoite 


Sphalerite  ZuS 

HetftoiniLabsrite         HsS 

Guadalcazarite        (Hg,Zn)S 
Tiematmite  HgSe 

The  SniALEBiTE  Group  embraces  a  number  of  sulphides,  selenidee,  etc.,  of 
line,  mercury,  aud  maDganese.    These  are  isometric-tetrahedral  iu  crystalliza* 


SPHAI^HTTE,  Zinc  Blshoe  oi  Blbndb.    Black-Jack,  Mock-Lead,  False  Oaleiia 

Xngl      Ziiikbleuiic  Oerm 

laometnc-tetrahedral     Often  in  tetrahedrons.     Twins  common:  tw.  pi.  o; 
twinning  often  repeated,  sometimes  as  polysynthetic  lamellae.     Commonl; 


massire  cleavable,  coarse  to  fine  granular  and  compact;  also  foliated,  sometimes 
fibrous  and  radiated  or  plumose;  also  botryoidal  and  other  imitative  shapes. 
Cry ptocrystal line  to  amorphous,  the  latter  sometimes  as  a  powder. 

Cleavage:  dodecahedral,  highly  perfect.  Fracture  conchoidal.  Brittle. 
H.  =  3-5-4.  G.  =  3-9-4-1 ;  4-063  white,  N.  J.  Luster  resinous  to  adamantine. 
Color  commonly  yellow,  brown,  black;  also  red,  green  to  white,  and  when  pure 
nearly  colorless.  Streak  brownish  to  light  yellow  and  white.  Transparent  to 
translucent.     Refractive  index  high :  n,  ^  2-3693  Na. 

Comp. — Zinc  sulphide,  ZnS  =  Sulphur  33,  zinc  67  =  100.  Often  containing 
iron  and  manganese,  and  sometimes  cadmium,  mercury  and  rarely  lead  ana 
tin.  Also  sometimes  contains  traces  of  indium,  gallium  and  thallium;  may  be 
argentiferous  and  auriferous. 

Vm-.~1.  Ordinar]/.  CoDtalDlag  little  or  no  Iron;  from  colorlcsa  whit«  to  yellowish 
brown,  Homellmes  green;  G,  =  ift-i'l.  The  red  or  reddish -brown  irauspareDt  crystallized 
kiuds  are  sometimes  called  niiy  bUnde  or  nd>y  line.  The  mnsslve  cleavable  forms  are  the 
most  common,  varying  from  course  to  fine  granular;  also  cry  ptocrystal  Hue.  BchaUnbUnde 
xQctra.)  is  a  closely  compact  variely.  o[  a  pale  liver-brown  color,  In  concentric  layers  with 
renlforn)  surface;  galena  and  marcaslte  are  often  Interstratlfled.  The  fibrous  forms  (fattrisa 
Zinkhtende  Oenn.)  nre  chiefly  wurtzile.  A  soft  white  amorphous  form  of  line  sulf^ide 
occurs  in  Cherokee  Co,,  Kansas. 

3.  Farriftrou*;  Marmatite.  Containing  10  p,  c.  or  more  of  Iron;  dark-brown  to  black; 
O,  =  B'tM'OS.  The  proportion  of  FcS  to  ZnS  varies  from  1 :  S  to  1  : 3,  and  tfae  last  ratio  !■ 
that  of  the  ehrUlophite  of  Brellhaiipt.  a  hrllUact  black  sphalerite  from  St.  Christophe  liilQe, 
at  Btei'eDbninn,  havlnR  Q.  =  8'91-8'928. 

8,  Cndmiferout ;  PrAramiU,  Pnibramitt.  Tbe  amouat  of  cadmium  present  In  aaj 
sphalerite  thus  far  aoatyzed  la  lets  than  0  per  cent. 


292  DESCRIPTIVE  MINERALOGY. 


r,  etc.— Difficultly  fusible.  lu  the  open  tube  sulpburous  fumes,  aud  generally  changes 
color.  B.B.  on  charcoal,  in  R.F.,  some  varieties  give  at  first  a  reddish-browu  coutiug  of 
cadmium  oxide,  aud  later  a  coating  of  zinc  oxide,  which  is  yellow  while  hot  aud  white 
after  cooling.  With  cobalt  solution  the  zinc  coating  gives  a  green  color  when  heated  in 
O.F.  Most  varieties,  after  roasting,  ^ve  with  borax  a  reaction  for  iron.  With  soda  on 
charcoal  in  R.F.  a  strong  green  zinc  name.  Dissolves  in  hydrochloric  acid  with  evolution 
of  hydrogen  sulphide. 

Dlft — Varies  widely  in  color  and  appearance,  but  distinguished  by  the  resinous  luster  in 
all  but  deep  black  varieties;  usually  exhibits  distinct  cleavage;  much  softer  than  garnet; 
nearly  infusible  B.B. ;  yields  a  zinc  coating  on  charcoal. 

Obs. — Occurs  very  commonly  in  both  crystalline  and  sedimentary  rocks,  and  as  a 
frequent  associate  of  galena;  also  associated  with  chalcopyrite,  barite,  fluorite.  siderite; 
common  in  silver  mines.  It  often  forms  beds  of  considerable  magnitude  filling  cavities  in 
limestone. 

Some  of  the  chief  localities  for  crystallized  sphalerite  are:  Alston  Moor  in  Cumberland^ 
black  variety;  Derbyshire,  St.  Agnes  and  elsewhere  in  Cornwall;  Oberlahnstein  in  Nassau^ 
Ems,  red;  Andreasberg,  yellow  and  brown;  Neudorf  in  the  Harz,  Freiberg,  Breitenbrunn, 
and  other  localities  in  Saxony,  black  and  brown;  Pfibi-am,  green  or  yellow,  and  Schlacken- 
wald  in  Bohemia,  black;  Eapnik,  Hungary,  green  or  yellow;  Nagydg,  Transylvania,  brown; 
Rodna,  black;  the  Binnenthal  in  Switzerland,  isolated  crystals  of  great  beauty,  yellow  to 
brown,  in  cavities  of  dolomite;  Sala  in  Sweden;  Nordmark,  black,  brown,  also  snow-white. 
A  beautiful  transparent  variety  yielding  lar^e  cleavage  masses  is  brought  from  Picos  de 
Europa,  Santander,  Spain,  where  it  occurs  in  a  brown  limestone.  Fibrous  varieties  (see 
wurtzite)  are  obtained  at  Pribram;  Geroldseck  in  Baden;  Raibel;  also  in  Cornwall.  The 
original  marmatiU  is  from  Marmato  near  Popavan,  Italy. 

Abounds  with  the  lead  ore  of  Missouri,  Wisconsin,  Iowa,  and  Illinois.  In  N.  York, 
Sullivan  Co.,  near  Wurtzboro';  in  St.  Lawrence  Co.,  at  Mineral  Point  with  galena;  at  the 
Ancram  lead  mine  in  Columbia  Co.;  in  limestone  at  Lockport.  In  Mass.,  at  the  Southamp- 
ton lead  mines.  In  N.  Hamp.,  at  the  Eaton  lead  mine;  at  Warren.  In  Maine,  at  the  Lubec 
lead  mines,  etc.  In  Conn.,  at  Roxbury.  In  N.^^Jert^^y,  a  utliiU  variety  (cUiophane)  at 
Franklin  Furnace.  In  Penn,,  at  the  Wheatley  and  Perkiomen  lead  mines,  in  crystals;  near 
Friedensville.  Lehigh  Co.,  a  white  waxy  var.  In  Virginia,  abundant  at  Austin's  lead 
mines,  Wythe  Co.  In  Michigan,  at  Prince  vein,  Lake  Superior,  abundant.  In  Illinois, 
near  Rosiclare,  with  galena  and  calcite;  nt  Marsden's  diggings,  near  Galena,  in  stalactites,, 
with  cryst.  marcasite,  and  galena.  In  Wvtcoimn,  ut  Mineral  Point,  in  flue  crystals.  In 
Tennessee,  at  Haysboro',  near  Nashville.  In  Missouri,  in  beautiful  crystallizations  with 
galena,  marcasite  and  calcite  at  Joplin  and  other  points  in  the  southwestern  part  of  the  state; 
the  deposits  here  occur  in  limestone  and  are  of  great  extent  and  value;  also  in  ndjoiuing 
parts  of  Kansas. 

Named  blende  because,  while  often  resembling  galena,  it  yielded  no  lead,  the  word  in 
German  meaning  blind  or  deceiving.     Sphalerite  is  from  a<paXep6i,  treacherous. 

MeUcinnabarite.     Mercuric  sulphide.  HgS.     In  composition  like  cinnabar,  but  occui-s 
'      in  black  tetrahedral  crystals;  also  massive.     G.  =  7'S.     From  the  Reddington  mine,  Lake 
county,  California,  with  cinnabar,  quartz  and  marcasite;  also  elsewhere  sparingly. 

Guadalcazarite.    Near  metacinnabarite.  but  contains  zinc  (up  to  4  p.  c).    Guadalcazar,. 
\   Mexico. 

Tiemannite.    Selenquecksilber.   Mercuric  selenide,  HgSe.    Isometric-tetrahedral.    Com- 
monly massive;  compact.     G.  =  8-19  Utah;  8-30-8*47  Clausthal.     Luster  metallic.     Color 
'    steel-gray  to  blackish  lead-gray.     Streak  nearly  black.     Occurs  in  the  Harz;  California.  U\ 
the  vicinity  of  Clear  lake;  Marysvale,  Piute  Co.,  Utah. 

OnofriU.    Hg(S.Se)  with  Se  =  4-5  to  6-5  p.  c.     San  Ooofre,  Mexico;  Marysvale,  Utah. 

Ooloradoite.    Mercuric  telluride,  HgTe.  Massive.  G.  =  8'6.  Color  iron-black.  Colorado. 


sylvania:  Kapnik,  Hungary;  Mexico;  Pern;  crystallized  and  massive  on  Suoke  River,  Sum- 
mit  county,  Colorado;  Tombstone,  Arizona. 

Oiahamite.    Calcium  sulphide,  CaS.    In  pale  brown  spherules  with  cubic  cleavage  in 
the  Busti  meteorite. 
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PENTIiANDITE.    EiseDuickelkles  Oerm, 

Isometric.  Massive,  granular.  Cleavage:  octahedral.  Fracture  uneven. 
Brittle.  H.  =  3*5-4.  G.  =  4*60.  Luster  metallic.  Color  light  bronze-yellow. 
Streak  light  bronze-brown.     Opaque.     Not  magnetic. 

Gomp. — A  sulphide  of  iron  and  nickel,  (Fe,Ni)S.  In  part,  2FeS.NiS  =  Sul- 
phur 36-0,  iron  42*0,  nickel  22-0  =  lOQ. 

ObB. — Occurs  with  chalcopyrlte  near  Lillehammer,  Norway.  The  miueral  from  Sudbury, 
Outario,  is  iiiiued  extensively  for  Dickel;  it  shows  distinct  octahedral  cleavage  (or  parting). 
The  same  locality  also  affords  nickeliferous  pyrite  and  pyrrhotite. 

,  Troilite.  Ferrous  sulphide,  FeS,  occunnug  in  nodular  masses  and  in  thin  veins  in  many 
i/on  meteorites.  G.  =  4*75-4 '82.  Color  tombac-brown.  By  some  authors  regarded  as 
identicui  with  pyrrhotite  (p.  296). 

4.  Cinnabar-Wurtzite-Millerite  Group.   Bhombohedral  or  Hexagonal. 


Cinnabar 
Coyellite 

Oreenockite 
Wurtzite 

Millerite 
Niccolite 

Breithauptite 

Arite 

Pyrrhotite 


HgS     Rhombohedral-Trapezohedral     1*1453 
CuS  1-1466 


CdS 
ZnS 


Hexagonal-Hemimorphic 


(i 


NiS 

NiAs 

NiSb 
Ni(Sb,A8) 

Fe„S,„  etc. 


Ehombohedral 

€€ 


Hexagonal 


6 
0-8109 

0-8175 


0-8194 
0-8586 

0-8701 


or 


i 
0-9364 

0-9440 

0-9883 
0-9462 
0-9915 

1-0047 


This  fourth  group  among  the  monosulphides  includes  several  subdivisions, 
as  shown  in  the  scheme  above,  and  the  relations  of  the  species  are  not  in  all 
cases  perfectly  clear.  It  is  to  be  noted  that  the  sulphides  of  mercury  and  zinc, 
already  represented  in  the  sphalerite  group,  appear  here  again. 

If,  as  suggested  by  Groih,  the  prominent  pyramids  of  wurlzitje,  greenockite,  etc.,  bo 
made  pyramids  of  the  second  series  (e.g.,  x  =  1132,  instead  of  1011),  then  the  values  of  h 
in  the  second  column  are  obtained,  which  correspond  to  millerite.  llie  form  of  several  of 
these  species,  however,  is  only  imperfectly  known.  A  rhombohedral  form  for  greenockite 
Las  been  suggested. 


CINNABAR.    Zinuober,  Schwefelquecksilber  Oerm, 
Rhombohedral-trapezohedral.     Axis  i  =  1'1453. 


7T 


1011  A  1011  =  87'*  23'. 
iT,  4045  A  4045  =  78'  OJ'. 
<rr,  0001  A  1011  =  52"  54'. 


603. 


604. 


It 


m 


m 


Crystals  usually  rhombohedral  or  thick 
tabular  in  habit,  rarely  showing  trapezo- 
hedral  faces;  also  acicular  prismatic. 
In  crystalline  incrustations,  granular, 
massive;  soLiC times  as  an  earthy  coating. 

Cleavage:   m  perfect.     Fracture  sub-  k (1014),  n (2021),  9 (0441) 
conchoidal,  uneven.     Somewhat    sectile. 
H.  =  2-2-5.     G.  =  8'0-8*2.     Luster  adamantine,  inclining  to  metallic  when 
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dark-colored^  aud   to  dull  in   friable  varieties.     Color  cochiueal-red^   often 

incliniug  to  brownish  red   and  lead-gray.     Streak  scarlet.     Transparent  to 

opaque.     Optically  +.     Indices:  co^  =  2*854,  e^  =  3*201,  Dx.     See  Art.  366. 

Var.— 1.  Ordinary:  either  (a)  crystallixed;  (h)  mcusive,  grauular  embedded  or  compact; 
bright  red  to  reddish  brown  iu  color;  (c)  eartiiy  aud  bright  red.  2.  Hepatic,  Of  a  liver- 
brown  color,  with  sometimes  a  brownish  streak,  occasionally  slaty  in  structure,  though 
commonly  grauular  or  compact. 

Gomp. — Mercuric   sulphide,   HgS  =  Sulphur    13*8,  mercury  86*2  =  100.. 
Usually  impure  from  the  admixture  of  clay,  iron  oxide,  bitumen. 

P3rr* — In  the  closed  tube  alone  a  black  sublimate  of  mercuric  sulphide,  but  with  sodiur^i 
carbonate  one  of  metallic  mercury.  Carefully  heated  iu  the  open  tul)e  gives  sulphuroua 
fumes  and  metallic  mercury,  which  condenses  m  miuute  globules  on  the  cold  walls  of  the 
tube.     B.6.  on  charcoal  wholly  volatile,  but  ouly  when  quite  free  from  gangue. 

Diffi— Characterized  by  its  color  and  vermilion  streak,  high  specific  gravity  (reduced^ 
however,  by  the  gangue  usually  present),  softness;  also  by  the  blowpipe  characters  {e.g,,  ia 
the  closed  tube).     Resembles  some  varieties  of  hematite  and  cuprite. 

Obs. — Occurs  chiefly  in  veins  in  slate  rocks  and  shales,  and  rarely  in  granite  or  porphyry. 
It  has  been  observed  in  veins,  with  ores  of  iron.  Sometimes  occurs  in  conuection  with  hot 
springs  as  the  result  of  solfataric  action.  Pyrite  and  marcasite,  sulphides  of  copper,  stib-^ 
nite.  realgar,  gold,  etc.,  are  associated  minerals;  calcite,  quartz  or  opul,  also  barite,  fluorite» 
are  gangue  minerals;  a  bituminous  mineral  is  common. 

The  most  important  European  deposits  are  at  Almaden  in  Spain,  and  nt  Idria  in  Car- 
niola,  where  it  is  usually  massive;  also  at  Bakmut  in  southern  Russia.  Crystallized  at 
Moschellandsberg  and  Wolfstein  in  the  Palatinate  and  at  the  mines  of  Mt.  Avala,  near 
Belgrade,  Servia;  at  Ripa  in  Tuscany;  in  the  Urals:  the  Nerchinsk  region  in  Transbaikal; 
in  China;  Japan;  Mexico;  Huancavelica,  Peru;  Chili. 

In  the  U.  8.  forms  extensive  mines  in  California,  the  most  important  at  New  Almaden 
and  the  vicinity,  in  Santa  Clara  Co.;  also  at  Altoona,  Trinity  Co.;  it  is  now  forming  by 
solfataric  action  at  Sulphur  Bank,  Cal.,  and  Steamboat  Springs,  Nevada;  also  occurs  in 
southern  Utah. 

The  name  cinnabar  is  supposed  to  come  from  India,  where  it  is  applied  to  the  red  resin, 
dragon's  blood.  The  native  cinnabar  of  Theophraslus  is  true  cinnabar;  he  speaks  of  its 
aflfording  quicksilver.  The  Latin  name  of  cinnabar,  minium,  is  now  given  to  red  lead,  a 
substance  which  was  early  used  for  adulterating  cinnabar,  and  so  got  at  last  the  name. 

Covellite.  Kupferindig  Oerm.  Cupric  sulphide,  CuS.  Rarely  in  hexagonal  crystals. 
Commonly  massive  or  spheroidal.  G.  =  4*59.  Color  indigo-blue  or  darker.  From  Baden- 
weiler,  Baden;  Mansfeld,  Thuringia;  Vesuvius,  on  lava;  Chili,  etc. 


GREENOCKITE. 

Hexagonal-hemimorphic.      Rarely   in   hemimorphic    crystals;    also   as   a 
coating. 

Cleavage :  a  distinct,  c  imperfect.    Fracture  conchoidal.    Brittle.  11.  =  3-3-5. 
506.  ^'  =  4-9-5'0.     Luster  adamantine  to  resinous.     Color 

honey-,  citron-,  or  orange-yellow.  Streak-powder  be- 
tween orange-yellow  and  brick-red.  Nearly  transparent. 
Optically  +• 

Comp.— Cadmium    sulphide,   CdS  =  Sulphur   22*3, 
cadmium  77-7  =  100. 


•.,  etc. —In  the  closed  tube  assumes  a  carmine-red  color 
while' iiot,  fading  to  the  original  yellow  on  cooling.  In  the  open 
tube  gives  sulphurous  fumes.  B.B.  on  clmicoal,  either  alone  or 
with  soda,  gives  in  R.F.  a  reddish-brown  coaling.  Soluble  iu 
hydrochloric  acid,  affording  hydrogen  sulphide. 

Obs.— Occurs  with  prehnite  at  Bishoptown.  Renfrewshire^ 
and  elsewhere  in  Scotland.  At  Pi'ibram  in  Bohemia,  as  a  coating  on  sphalerite;  similarly 
at  other  points;  so  too  in  the  U.  S.  near  Friedensville,  Pa.,  and  in  the  zinc  region  of  south- 
western Missouri;  in  Marion  Co.,  Ark.,  it  colors  smithsonite  bright  yellow.  Not  un- 
common as  a  furnace  product. 
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Wnrtzite.  Zinc  sulphide,  ZoS,  like  sphalerite,  hut  in  hemimorphic  hexagonal  crystals; 
also  fihrous  and  massive.  G.  =  3 '98.  Color  brownish  black.  From  a  silver-mine  near 
Oruro  in  Bolivia;  Portugal;  Peru.  In  crystals  with  sphalerite  and  quartz  at  the  ''Original 
Butte  "  mine.  Bulte  City,  Montana. 

The  massive  fibrous  forms  of  *'  Schalenblende  "  occur  at  Pribram,  Liskeanl,  etc.  Other 
forms,  from  Stolberg,  Wiesloch,  Altenberg,  are  in  part  wurtzite,  in  part  sphalerite. 

Ertthrozincitb  is  (Zn,Mn)S.    From  Siberia. 

MILIiBRITZ!.    Capilkry  Pyrites.    Haarkies  Oerm. 

Rhombohedral.  Usually  in  very  slender  to  capillary  crystals,  often  in 
delicate  radiating  groups;  sometimes  interwoven  like  a  wad  of  hair.  Also  in 
columnar  tufted  coatings,  partly  semi-globular  and  radiated. 

Fracture  uneven.  Brittle;  capillary  crystals  elastic.  H.  =  3-3*5. 
6.  =  5*3-5'65.  Luster  metallic.  Color  brass-yellow,  inclining  to  bronze- 
yellow,  with  often  a  gray  iridescent  tarnish.     Streak  greenish  black. 

Comp.— Nickel  sulphide,  NiS  =  Sulphur  35-3,  nickel  64*7  =  100. 

Pyr.,  etc.— In  the  open  tube  sulphurous  fumes.  B.B.  on  charcoal  fuses  to  a  globule. 
When  roasted,  gives  with  borax  and  salt  of  phosphorus  a  violet  bead  in  O.F.,  becoming 
gray  in  R.F.  from  reduced  metallic  nickel.  On  charcoal  in  H.F.  the  roasted  mineral  gives 
a  coherent  metallic  mass,  attractable  by  the  magnet.  Most  varieties  also  show  traces  of 
copper,  cobalt,  and  iron  with  the  fluxes. 

Obs.— Occurs  commonly  in  capillary  crystals,  in  the  cavities  and  among  crystals  of  other 
minerals.  Found  at  Joachimsthal  in  Bohemia;  Johanngeorgenstadt;  Pi^ibram;  Riechels- 
dorf;  Andreasberg;  Freiberg.  Saxony;  Cornwall. 

In  the  U.  S.,  at  Antwerp,  N.  Y.,  in  cavities  in  hematite;  in  Lancaster  Co.,  Pa  ,  at  the 
Gap  mine,  in  thin  velvety  coatings  of  a  radiated  fibrous  structure.  With  calcite,  dolomite 
and  fluorite,  forming  delicate  tangled  hair-like  tufts,  in  geodes  in  limestone,  often  pene- 
trating the  calcite  crystals,  at  St.  Louis,  Mo. ;  similarly  near  Milwaukee,  Wis.  At  Orford^ 
Quebec. 

Beyrichite.  NiS  like  millerite  with  also  Co,Fe.  From  Westerwald.  The  relation 
of  the  two  species  is  doubtful. 

Hauchecornite.  Perhaps  Ni(Bi,Sb,S).  In  tabular  tetragonal  crystals.  H.  =  5. 
Q.  =  6*4.     Color  light  bronze-yellow.     From  Hamm  a.  d.  Sieg. 

NICCOLITB.     Copper  Nickel.     Eupfernickel.     Rothnickelkies  Oerm, 

Hexagonal.  Crystals  rare.  Usually  massive,  structure  nearly  impalpable; 
also  reniform,  columnar;  reticulated,  arborescent.  Fracture  uneven.  Brittle. 
H.  =  5-5*5.  G.  =  7-33-7'67.  Luster  metallic.  Color  pale  copper-red. 
Streak  pale  brownish  black.     Opaque. 

Comp. — Nickel  arsenide,  NiAs  =  Arsenic  56*1,  nickel  43-9  =  100.  Usually 
contains  a  little  iron  and  cobalt,  also  sulphur;  sometimes  part  of  the  arsenic 
is  replaced  by  antimony,  and  then  it  graduates  toward  breithauptite.  The 
intermediate  varieties  have  been  called  arite, 

Pyr.,  etc. — In  the  closed  tube  a  faint  white  crystalline  sublimate  of  ai-senic  trioxidc. 
In  the  open  tube  a  sublimate  of  arsenic  trioxide,  with  a  trace  of  sulphurous  fumes,  the 
assay  becoming  yellowish  green.  On  charcoal  gives  arsenical  fumes  and  fuses  to  a  globuie„ 
which,  treated  with  borax  glass,  affords,  by  successive  oxidation,  reactions  for  iron,  cobalt, 
and  nickel;  the  antimonial  varieties  give  also  reactions  for  antimony.  Soluble  in  aqua 
regia. 

Obs. — Accompanies  cobalt,  silver,  and  copper  ores  in  the  Saxon  mines  of  Annnberg. 
Schueel)erp.  etc.;  also  in  Thuringia,  Hesse,  antl  Styria;  at  Allemont,  Daupbine;  at  the  Ko 
mines  in  Nordmark,  Sweden:  at  Balen  in  the  Basses  Pyrenees  {arxte)\  occasionally  in 
Cornwall  ;  Chili;  abundant  at  Mina  de  la  Uioja,  Oriocha,  Argentina.  In  the  U.  S,  at 
Chatham,  Conn.,  in  gneiss;  sparingly  at  Franklin  Furaace,  N.  J.;  Silver  Cliff.  Colorado; 
Till  Cove,  Newfoundland. 
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Breithauptite.  AntimoDuickel  Germ.  Nickel  ADtimonide,  NiSb.  Rarelv  in  hexago- 
nal crystals;  usually  massive,  arborescent,  disseminated.  G.  =  7*54.  Color  light  copper- 
red.    From  Andreasberg  in  the  Harz. 

PTRRHOnTB.    Magnetic  Pyrites.    Magnetkies  Qerm. 
606.  Hexagonal.    (5  =  0  8701. 

«,  0001 A 1011  =45'   8'. 

cv,  0001 A  4041  =76*    0*. 

cy,  0001  A(200-26-8)  -  8r  30J'. 

Twins:  tw.  pi.  s,  with  vertical  axes  nearly  at  ri^ht 
angles  (Fig.  382,  p.  125).  Distinct  crystals  rare,  commonly  tabular;  also 
acute  pyramidal  with  faces  striated  horizontally.  Usually  massive^  with  gran- 
ular structure. 

Parting:  c,  sometimes  distinct.  Fracture  uneven  to  subconchoidal. 
Brittle.  H.  =  3-5-4-5.  G.  =  4-58-4-64.  Luster  metallic.  Color  between 
bronze-yellow  and  copper- red,  and  subject  to  speedy  tarnish.  Streak  dark 
grayish  black.  Magnetic,  but  varying  much  in  intensity;  sometimes  possess- 
ing polarity. 

Comp. — A  sulphide  of  iron,  often  containing  also  nickel;  formula  chiefly 
Fe,,S„;  analyses,  however,  vary  from  Fe^S,  up  to  Fe,,S,„  while  conforming 
to  the  general  formula  FenS„+i.  Percentage  composition  Fe,,S^=  Sulphur 
38-4,  iron  616  =  100;  Fe,S.  =  Sulphur  39*6,  iron  604  =  100;  Fe.S.  =  Sul- 
phur  39*2,  iron  =  60-8  =  100. 

Pyr.,  etc. — Unchanged  in  the  closed  tube.  In  the  open  tube  gives  sulphurous  fumes. 
On  charcoal  in  H.F.  fuses  to  a  black  magnetic  mtiss;  in  O.F.  is  converted  into  red  oxide, 
which  with  tluxcs  gives  only  an  iron  reaction  when  pure,  but  many  varieties  yield  small 
amounts  of  nickel  and  cobalt.  Decomposed  by  hydrochloric  acid,  with  evolution  of 
hydrogen  sulphide. 

Din. — Disiiuguished  by  its  peculiar  reddish -bronze  color;  also  by  its  magnetic  properties. 

Obs. — Occurs  at  Kongsberg,  Modum.  etc.,  in  Norway;  Falun,  Sweden;  Andreasberg; 
Bodenmais:  Breiteubrunu;  Joachinisthal,  Bohemia;  Nizhni  Tagilsk;  Minas  Geraes  in  Brazil, 
in  large  tabular  crystals;  the  lavas  of  Vesuvius;  Cornwall.        ^ 

In  N.  America  in  Maitie,  at  Staudish  with  audalusite:  in  Hjflh^nt.  at  Stafford,  etc.  In 
If.  York,  near  Diana.  Lewis  Co.;  Orange  Co.  \n' feniisylvania,  at  the  Gap  mine,  Lancaster 
Co..  nickeliferous.  In  lennesaee,  at  Ducktown  mi^as,  abundant.  In  Canada,  in  large  veins 
at  St.  Jerome,  Elizabethtown,  Ontario;  at  Sudbury,  etc.  This  species  is  often  mmed  for 
the  nickel  it  contains. 

Pyrrhotite  is  often  present  in  disseminated  particles  or  crystals  in  meteoric  stones;  the 
iron  sulphide  of  meteoric  irons  is  generally  referred  to  troilite  (p.  293). 

Named  from  ;ri;/J/dor7/5,  reddiafi. 

C.  Intermediate  Division. 

Horbachite.  An  iron-nickel  sulphide,  perhaps  4Fe.S,.Ni,S,.  Crystalline,  massive. 
Color  pinchbeck-brown  to  steel-gray.     G.  =  4*43.     From  Uorbach  in  the  Black  Forest. 

Polydymite.  A  nickel  sulphide,  perhaps  Ni4S6.  In  octahedral  crystals;  frequently 
twinned.     G.  =4  54-4-81.     Color  gray.     From  Grttnau,  Westphalia. 

A  nickel  ore  from  Sudbury,  Ontario,  corresponds  toNisFeS*,  conforming  to  the  general 
formula  of  polydymite;  another  Sudbury  ore  agrees  with  [pentlandite  (p.  293),  and  still 
another  is  a  nickeliferous  pyrrhotite. 

Griinauite.     Contains  sulphur,    bismuth,   nickel,   iron ;    perhaps  a  mixture.      From 

Orttnau. 

Sychnodymite.  Essentially  (Co,Cu)4Sft.  Isometric,  in  small  steel-gray  octahedrons. 
Prom  the  Siogen  district,  Germany. 
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Melonite.  Telluroickel  Qerm.  A  Dickel  telluride,  Ki«Te9.  In  indistinct  granular 
and  foliated  particles.  Color  reddish  while,  with  metallic  luster.  From  the  Stanislaus 
mine,  California;  probably  also  in  Boulder  Co.,  Colorado. 


The  following  species  are  sometimes  regarded  as  Sulpho-salts,  namely, 
Sulpho-ferrites,  etc. 

BORNITB.  Buutkupfererz  Qerm,  Purple  Copper  Ore.  Variegated  Copper  Ore. 
Erubescite. 

Isometric.  Habit  cubic,  faces  often  rough  or  curved.  Twins:  tw.  pi.  o, 
often  penetration-twins.     Massive,  structure  granular  or  compact. 

Cleavage :  o  in  traces.  Fracture  small  conchoidal,  uneven.  Brittle. 
H.  =  3.  G.  =  4*9-5*4.  Luster  metallic.  Color  between  copper-red  and 
pinchbeck-brown  on  fresh  fracture,  speedily  iridescent  from  tarnish.  Streak 
pale  grayish  black.     Opaque. 

Comp.,  Tar. — A  sulphide  of  copper  and  iron,  but  varying  in  the  proportions 
of  these  metals.  The  crvstallized  mineral  agrees  with  Cu,FeS,  =  Sulphur 
28-1,  copper  55-5,  iron  164  =  100:  this  may  be  written  3Cu,S.Fe,S,  (Groth) 
or  Cu,S.CuS.FeS  (Rg.). 

Analyses  of  massive  varieties  give  from  50  to  70  p.  c.  of  copper  and  15  to  6*5  p.  c.  of 
iron.     The  variatiou  is  due,  iu  part  at  least,  to  mechanical  admixture,  chiefly  of  chalcocite. 

P3rr.,  etc. — In  the  closed  tube  gives  a  faint  sublimate  of  sulphur.  In  the  open  tube 
yields  sulphurous  fuuies,  but  no  sublimate.  6.B.  on  charcoal  fuses  in  R.F.  to  a  brittle 
magnetic  irlobule.  The  roasted  mineral  gives  with  the  fluxes  the  reactions  of  iron  and 
copper,  and  wi'h  so<la  a  metallic  globule.     Soluble  in  nitric  acid  with  separation  of  sulphur. 

DiiEt— Distinguished  {e.g.  from  chalcocite)  by  the  peculiar  reddish  color  on  the  fresh 
fracture  and  by  its  brilliant  tarnisli;  B.B.  becomes  stron/rly  magnetic. 

Obs. — Occurs  with  other  copper  ores,  and  is  a  valuable  ore  of  copper.  Crystalline 
varieties  are  found  in  Cornwall,  called  by  the  miners  "horse-flesh  ore."  Occurs  massive 
at  Ross  Island,  Killarney,  Ireland;  Monte  Catini,  Tuscany;  the  Mausfeld  district,  Ger- 
many; in  Norway.  Sweden,  Siberia,  Silesia,  and  Hungary.  It  is  the  principal  copper  ore 
at  some  Chilian  mines;  also  common  in  Peru,  Bolivia,  and  Mexico. 

In  the  U.  S.,  found  at  the  copper  mine  in  Bristol,  Conn.;  massive  at  Mahoopeny,  near 
Wilkesbarre,  Penn.     A  common  ore  in  Canada,  at  the  Acton  and  other  mines. 

Named  after  the  mineralogist  Ignatius  von  Born  (1742-1791). 

Linnaeite.  A  sulphide  of  cobalt,  CoaS4  =  CoS.CoiSs.  analogous  to  the  spinel  group. 
Also  contains  nickel  (var.  siegeniie).  Commonly  in  octahedrons;  also  massive.  H.  =  55. 
G.  =  4-8-5.  Color  pale  steel-gray,  tarnishing  copper-red.  Occurs  at  Bnstnaes,  etc., 
Sweden;  Mi\sen,  near  Siegen.  Prussia;  at  Siegeu  {siegenite),  in  octahedrons.  In  the  U.  S., 
at  Mine  la  Moite,  Missouri;  Mineral  Hill,  Maryland. 

Daubreelite.  An  iron-chromium  sulphide,  FeS.CraSs,  occurring  with  troilite  in  some 
meteoric  irons.     Color  black.     G. -5*01. 

Cubanite.  An  iron-copper  sulphide,  perhaps  CuFcaS*  =  CuS.FejSs.  Isometric;  mas- 
sive. Color  between  bronze-  and  brass-yellow.  G.  =  4*03-4'17.  From  Barracanao,  Cuba; 
Tunaberg  and  Kafveltorp,  Sweden. 

Carrollite.  A  copper-cobalt  sulphide,  CuCojS4  =  CuS.Co,S$.  Isometric;  rarely  iu 
octahedrons.  Usually  massive.  G.  =  4*85.  Color  light  steel-gray,  with  a  faint  reddish 
hue.     From  Carroll  Co.,  Maryland,  near  Finksburg. 

CHALCOPYRTTB.     Copper  Pyrites.     Yellow  Copper  Ore.    Eupferkies  Oerm. 
TetragoTial-sphenoidal.     Axis  d  =  0*98525. 

pp\  111  A  ill  =  108"  40'.  pp,,  111  A  111  =  70'  7i'.  ctf,  001  A  101  =  45'  84f. 

Crystals  commonly  tetrahedral  in  aspect,  the  sphenoidal  faces  p  lar^e» 
dull   or  oxidized;  p^  small   and   brilliant.     Sometimes  both  forms  equally 
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developed,  and  then  octahedral  in  form.  Twins :  (1)  tw.  pi.  p  (111), 
resembling  spinel-twins  (Fig.  379,  p.  125);  sometimes  repeated  as  a  fiveling 
(Fig.  609).  (2)  Tw.  pi.  and  comp.-face  e  (Fig.  381,  p.  125)  often  in  repeated 
twins.  (3)  Iw.  pi.  m,  tw.  axis  (f,  complementary  penetration  twins.  Often 
massive,  compact. 

Cleavage:  z  (201),  sometimes  distinct;  c,  indistinct.  Fracture  uneven. 
Brittle.  H.  =  3*5-4.  G.  =  4'l-4*3.  Luster  metallic.  Color  brass-yellow; 
often  tarnished  or  iridescent.     Streak  greenish  black.     Opaque. 

607.  608.  609. 


9  (201), « (518). 

Comp.— A  sulphide  of  copper  and  iron,  CuFeS,  or  Cu,S.Fe,S,  =  Sulphur 
35*0,  copper  34*5,  iron  305  =  100.  Analyses  often  show  variations  from  this 
formula,  often  due  to  mechanical  admixture  of  pyrite. 

Sometimes  auriferous  and  argentiferous;  also  coutuins  traces  of  seleuium  and  tballium. 

Pyr.,  etc— lo  the  closed  tube  decrepitates,  and  gives  a  sulphur  sublimate,  in  the  open 
tube  sulphurous  fumes.  On  charcoal  fuses  to  a  magnetic  globule ;  with  soda  the  rousted 
mineral  gives  a  globule  of  copper  containing  iron.  The  roasted  mineral  reacts  for  copper 
and  iron  with  the  fluxes.  Dissolves  in  nitric  acid,  excepting  the  sulphur,  and  forms  a  green 
solution;  ammoniu  in  excess  changes  the  green  color  to  a  deep  blue,  and  precipitates  red 
ferric  hydroxide. 

Dift— Distinguished  from  pyrite  by  its  inferior  hardness  and  deeper  yellow  color. 
Resembles  gold  when  disseminated  in  minute  grains  in  quartz,  but  differs  in  being  brittle 
and  in  having  a  black  streak;  further  it  is  soluble  in  nitric  acid. 

Obs. — A  widely  disseminated  mineral  in  metallic  veins  and  nests  in  gneiss  and  crystal- 
line schists,  also  in  serpentine  rocks;  often  intimately  associated  with  pyrite.  also  with 
fiiderite.  tetrahedrite,  etc.,  sometimes  with  nickel  and  cobalt  sulphides,  pyrrhotite,  etc. 
Observed  coaled  with  tetrahedrite  crystals  in  parallel  position,  also  as  a  coating  over  the 
latter. 

Chalcopyrite  is  the  principal  ore  of  copper  at  the  Cornwall  mines;  there  associated  with 
cassiterite,  gjilena,  bornite,  chalcocite,  tetrahedrite,  sphalerite.  At  Falun,  Sweden,  it 
occurs  in  large  masses  embedded  in  gneiss.  At  Ramnielsberg,  near  Goslar  in  the  Harz. 
forms  a  bed  in  argillaceous  schist;  occurs  with  nickel  and  cobalt  ores  in  the  Kupferschiefer 
of  Mansfeld.  The  Kurprinz  mine  at  Freiberg  affords  well-defined  crystals;  also  lior- 
hausen,  Dillenburg,  Neudorf,  MUsen;  Schlackenwald  in  Bohemia.  Common  elsewhere  as 
at  Mte.  Catini  in  Tuscany;  in  New  South  Wales;  Chili,  etc. 

In  Maine,  at  the  Lubec  mines  and  elsewhere.  In  Vermont,  at  Stafford,  etc.  In  j/ass.,  at 
the  Southampton  lead  mines.  In  Conn.,  at  Bristol.  In  Neio  York,  in  crystals  and  massive 
at  Ellenville,  Ulster  Co.  In  Pennsylvania,  at  Phenixville;  at  the  French  Creek  mines, 
Chester  Co.,  with  pyrite,  magnetite,  etc.  In  Maryland,  near  Finksbury,  Carroll  Co., 
abundant.  In  Virginia,  at  the  Phenix  copper  mines,  Fauquier  Co.,  and  the  Walton  gold 
mine,  Louisa  Co.  In  N.  Carolina,  near  Greensboro',  abundant  massive.  In  I'enneasee,  30 
miles  from  Cleveland,  in  Polk  Co.     In  Missouri,  with  sphalerite  at  Joplin,  Jasper  Co. 

In  Cal.,  in  different  mines  along  a  belt  between  Mariposa  Co.  and  Del  Norte  Co.,  on 
west  side  of,  and  parallel  to.  the  chief  gold  belt;  occurring  massive  in  Calaveras  Co..  and 
in  crystals  on  Domingo  Creek,  etc.  Abundant  in  Montana,  near  Butte,  with  bornite, 
pyrite,  etc.,  also  at  other  points,  often  arpenliferousand  auriferous.  In  Colorado,  abundant 
in  Gilpin,  Boulder,  Chaffee,  Gunnison  counties,  etc. ;  commonly  nsso(  iuted  with  pyrile» 
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tetrabedrite,  sphalerite,  and  often  highly  argentiferous.  Also  mined  in  Arizona,  Utab» 
but  iu  most  cases  chiefly  for  silver  and  gold.     Grant  Co.,  New  Mexico. 

lu  Canada,  in  Perth  and  near  Sberbrooke  and  at  many  points  in  the  eastern  part  of  the 
province  of  Quebec;  in  the  Nipissin^  distr.,  Ontario,  at  various  points;  extensively  mined 
at  Sudbury;  at  the  Bruce  mines,  on  Lake  Huron;  at  Poiut-au-Mines  and  elsewhere  on  Lake: 
Superior. 

Named  from  x<^^^^^*  brass,  and  pyrites,  by  Henckel  (1725). 


D.  Disulphides,  Diarsenides,  etc. 

The  disulphides,  diarseuides,  etc.,  embrace  two  distinct  CTOups.  The 
prominent  metals  included  are  the  same  in  both,  viz.:  iron,  cobtut  and  nickeL 
The  groups  present,  therefore,  several  cases  of  isodimorphism,  as  is  shown  in 
the  lists  of  species  below.  These  sulphides  are  all  relatively  hard,  H.  =  5-6; 
they  hence  strike  fire  with  a  steel,  and  this  has  given  tne  familiar  name 
pyrites  applied  to  most  of  them.  The  color  varies  between  pale  brass-yellow 
and  tin-white. 

Pyrite  Group.     RS,,RAs,,RSb,.     Isometric-pyritohedral. 


\ 


Pyrite  FeS,  Gersdorffite  NiS,.NiAs, 

Hauerite  MnS,  Corynite      NiS,.Ni(As,Sb), 

Smaltite       GoAs,,  also  (Go,Ni)As,  XJllmannite  NiS,.NiSb,  (isometric-tetar- 
Chloanthite  NiAs,,  also  (Ni,Co)As,  Sperrylite    PtAs,  [tohedral) 

Cobaltite  CoS,.CoAs,  Lanrite       RuS,? 


Marcasite  Group.     RS,^ 

RAs,9  etc. 

Orthorhombic. 

d  :  b 

:h 

110  a  110 

IOIaIOI 

Marcasite 

FeS, 

0-7662  :  1 

:  X-2342 

74°  55' 

116°  20*^ 

Lollingite 

FeAs, 

0-6689  : 1 

:  1-2331 

67°  33' 

123°    3*^ 

Leucopyrite 

Fe.As, 

Arsenopyrite 

FeS,.FeAs, 

0-6773  :  1 

:  1-1882 

68°  13' 

120°  38^^ 

Danaite 

(Fe,Co)S,.(Fe,Co)As, 

Safflorite 

CoAs, 

Bammelsbergite 

NiAs, 

Olancodot 

(Co,Fe)S,.(CoFe)As, 

0-6942  : 1  ; 

:  ri925 

69°  32' 

119°  35^^ 

Alloclasite 

(Co,Fe)(As,Bi)S 

Wolfachite 

NiS,.Ni(As,Sb), 

The  Pyrite  Group  includes  besides  the  compounds  of  Fe,  Co,Ni,  also  others 
of  the  related  metals  Mn  and  Pt.  The  crystallization  is  isometric-pyrito- 
hedral. 

The  species  of  the  Marcasite  Group  crystallize  in  the  orthorhombic 
system  with  prismatic  angles  of  about  70"*  and  110°  and  a  prominent  macro- 
dome  of  about  60°  and  120°.  Hence  fivefold  and  sixfold  repeated  twins  are 
common  with  several  species,  in  the  one  case  the  prism  and  in  the  other  the 
macrodome  named  being  the  twinning-plane. 
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Pyrlte  Oronp. 
PYHTTB.    Schwefelkles,  ElsenkleB,  Oerm.    Itoq  Pjritei. 

iBometric-pjritohedral.  Cabe  and  prritohedron  e  (210)  tbe  commoo  forma, 
the  faces  of  both  often  with  Btriatious  \  edge  a/e,  dne  to  oscillatory  combina- 
tion of  these  forms  and  tending  to  prodnce  rounded  faces;  pyritohedral  faces 
also  striated  J.  to  this  edge;  octahedron  also  common.  See  Figs.  6IU-617,  also 
Figs.  117-123,  pp.  44,45.  Twins:  tw.  ai  a,  usually  penetration-twins  with 
parallel  axes  (Fig.  369,  p.  134) ;  rarely  contact-twins.  Frequently  massive,  fine 
granular;  sometimes  snbfibrous  radiated;  reniform,  globular,  stalactitic. 

Cleavage:  a,  o  indistinct.    Fracture  conchoidal  to  uneven.    Brittle.    H.  = 
6-6o.      G.  =  4-95-510;    4967  Traversella,   5-027  Elba.      Lnster  metallic, 
610.  «11.  «3.  613. 


splendent  to  glistening.  Color  a  pale  brass-yellow,  nearly  uniform.  Streak 
greenish  black  or  brownish  black.     Opaque. 

Comp.,  Tar.— Iron  disulphide,  FeS,  =  Sulphur  53'4,  Iron  4fi-0  —  100. 

Nickel,  cobalt,  ami  Iballiuiu,  nod  also  copper  lu  small  qiiaulities,  sometlmi's  replace  part 
«f  the  Iron,  or  else  occur  aa  miitiirea;  Beleuium  is  aomeiimes  preseut  In  iracfS.  Gold  Is 
som el i roes  distributed  Invisibly  through  it,  ixurlferous  pyrite  beiug  an  i jiipor tan t  source  of 
gold.  Ataeoic  la  rarely  prcBent,  as  in  octahedral  crystals  from  French  Creek,  Penu.  (0'3 
p.  c.  As). 

Pyr.,  etc. — In  the  closed  tube  a  sublimate  of  sulphur  and  a  magnclic  lesiduc.  B.B.  on 
charcoal  gives  off  sulphur,  burning  with  a  blue  flame,  leaving  a  magnetic  residue  which 
reucta  like  pyrrhotlle  (p.  290).     Insoluble  in  liydrochloric.  but  decomposed  by  nitric  acid. 

Diff  — Distinguished  from  cKalcopyrlle  by  its  grealer  hardness  and  palur  color;  in  form 
and  spccitic  griivity  different  from  inarcasire,  which  luis  also  a  wiiiicr  color. 

Obs.  — Pyritc  occurs  ahuodantlj  In  rocks  of  all  ugt's.  from  the  oUIcki  crystalline  1o  tbe 
most  recent  alluvial  deimslts.  It  usually  occurs  in  small  cuIh'S.  pyiiioliedrons,  or  In  more 
liizlily  inodiSetl  forms;  also  (often  with  marcasite)  In  irregiilnr  sp'hcroidiil  nodules  and  in 
veiiiH.  iu  clay  slate,  argillaceous  sandstones,  tbe  coal  formaiion,  etc 

Fine  cryalalK  liave  been  found  in  some  of  the  Coniish  mines;  olao  in  great  variety  with 
hematite  on  (lie  island  of  Elba,  and  Willi  magnellle  at  Traversctla  and  Brosso  in  Picilmont. 
Other  localitiea  for  cryslnls  are  HQsen  near  Siegen;  Freiberg,  Saxony;  Sclineebeig;  Wal- 
liensteln  in  Carlnthin:  PHbram.  Bohemia;  Schcmnitz,  Hungary;  Pci-sberg,  Faliiu,  and 
Linghan  In  Swedeu  ;  Kongsberg  In  Norway. 

In  Mitine,  at  Pern,  Walerville,  etc.  In  N.  Sampihirt,  at  Unity.  mas.ilve.  In  Matt.,  at 
Rowe,  Hawley.  massive.  Iu  Vtmmnt,  at  Shoreham.  In  limestone:  Hartford,  In  Conn,,  at 
Roibury.  finely  cryslalllzed.  In  tf.  York,  nt  Rossie.  fine  crystals;  at  Schoharie;  at  Chester, 
Warren  Co.;  in  Orange  Co.,  at  Warwick;  raaaaive  In  Franklin,  Putnam,  and  Orange  Cos., 
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etc.  Iq  Pennsylvania,  at  Chester,  Delaware  Co.;  at  Knauertown,  Chester  Co. :  at  French 
Creek  miues,  octahedrons  and  other  forms,  sometimes  tetragonal  or  orthorhombic  in  sym^ 
metry;  Cornwall,  Lebanon  Co.;  in  iV^.  Car.,  near  Greensboro',  Guilford  Co.,  in  crystals. 
In  Colorado,  crystals  near  Central  City,  Gilpin  Co.,  and  elsewhere.  Auriferous  pyrite  i& 
common  at  the  mines  of  Colorado,  and  many  of  those  of  California,  as  well  as  in  Virginia 
and  the  States  south.  In  Canada,  2  miles  N.  W.  of  Brockville,  Ontario,  a  cobaltiferous 
variety. 

Large  quantities  of  massive  pyrite  are  mined  at  the  Rio  Tinto  and  other  mines  in  Spain ,^ 
also  in  Portugal.  Among  important  deposits  in  the  U.  S.  are  those  at  Rowe,  Mass.; 
Herman,  St.  Lawrence  Co.,  and  Ellenville,  Ulster  Co.,  N.  Y.;  TolersviUe,  Louisa  Co.,  Va.; 
Dallas,  Paulding  Co  ,  Gti. 

The  name  pyrite  is  derived  from  nvp,  fire,  and  alludes  to  the  sparks  from  friction  i 
hence  the  early  name  pyrites  (p.  299). 

Pyrite  readily  changes  to  an  iron  sulphate  by  oxidation,  some  sulphur  being  set  free. 
Also  to  limonite  on  its  surface,  and  afterward  throughout,  by  the  action  of  >i  solution  of 
bicarbonate  of  lime  carrying  off  the  sulphuric  acid  us  change  proceeds,  and  from  .limonite 
to  red  iron  oxide. 

Hauerite.  Manganese  disulphide,  MnSa.  In  octahedral  or  pyritohedral  crystals:  also 
massive.  G.  =  3'46.  Color  reddish  brown  or  brownish  black.  From  Kalinka,  Hungary; 
Raddusa,  Catania,  Sicily. 

SMALTTTB-OHLOANTHITB.     Speiskobalt  Oerm, 

Isometric-pyritohedral.  Commonly  massive;  in  reticulated  and  other 
imitative  shapes. 

Cleavage:  o  distinct;  a  in  traces.  Fracture  granular  and  uneven.  Brittle. 
H.  =  5'5-6.  G.  =  6*4  to  6*6.  Luster  metallic.  Color  tin-white,  inclining^ 
when  massive,  to  steel-gray,  sometimes  iridescent,  or  grayish  from  tarnish. 
Streak  grayish  black.     Opaque. 

Comp. — Smaltite  is  essentially  cobalt  diarseuide,  CoAs,  =  Arsenic  718> 
cobalt  28-3  =  100.  Chloanthite  is  nickel  diarsenide,  NiAs,  =  Arsenic  71 -S, 
nickel  281  =  100. 

Cobalt  and  nickel  are  usually  both  present,  and  thus  these  two  species  graduate  into  each 
other,  and  no  sharp  line  can  be  drawn  between  them.  Iron  is  also  present  in  varying 
amount;  the  variety  of  chloanthite  containing  much  iron  has  been  c&Wed  chatJiamite.  Further 
sulphur  is  usually  present,  but  only  in  small  quantities.  Many  analyses  do  not  conform 
even  approximately  to  the  formula  RAss,  the  ratio  rising  from  less  than  1 : 2  to  1 :  2*5  and 
nearly  1 : 3,  thus  showing  a  tendency  toward  skutterudite  (RAss),  perhaps  due  to  either 
molecular  or  mechanical  mixture. 

Much  that  has  been  called  smaltite  (speiskobalt)  is  shown  by  the  high  specific  gravity  to 
belong  to  the  orthorhombic  species  safflorite. 

Pyr..  etc. — In  the  closed  tube  gives  a  sublimate  of  metallic  arsenic;  in  the  open  tube  a 
white  sublimate  of  arsenic  trioxide,  and  sometimes  traces  of  sulphur  dioxide.  B.B.  on 
charcoal  gives  an  arsenical  odor,  and  fuses  to  a  globule,  which,  treated  with  successive 
portions  of  borax-glass,  affords  reactions  for  iron,  cobalt,  and  nickel. 

Ob«. — Usually  occurs  in  veins,  accompanying  ores  of  cobalt  or  nickel,  and  ores  of  silver 
and  copper;  also,  in  some  instances,  wiih  niccolite  and  arsenopyrite.  Found  at  the  Saxon 
mines;  Joachimsthal.  Bohemia;  Wheal  Sparnon.  Cornwall;  Riechelsdorf.  Hesse;  Tunaberg, 
Sweden;  Allemont,  Dauphine.  In  the  U.  S.,  at  Chatham.  Conn.,  the  ehathamite  occurs  in 
mica  slate,  with  arsenopyrite  and  niccolite;  at  Franklin  Furnace,  N.  J. 

OOBALTITB. . 

Isometric-pyritohedral.  Commonly  in  cubes,  or  pyritohedrons,  or  combina- 
tions  resembling  common  forms  of  pyrite.    Also  granular  massive  to  compact. 

Cleavage:  cubic,  rather  perfect.  Fracture  uneven.  Brittle.  H.  =  5  5. 
G.  =  6-6  3.  Luster  metallic.  Color  silver-white,  inclined  to  red;  also  steel- 
gray,  with  a  violet  tinge,  or  grayish  black  when  containing  much  iron.  Streak 
grayish  black. 

Comp. — Sulpharsenide  of  cobalt,  CoAsS  or  CoS,.CoAfl,  =  Sulphur  19'3, 
arsenic  45*2,  cooalt  35*5  =  100. 
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Iron  is  present,  and  in  the  Ysrieiy  ferroeobalUie  in  large  amount. 

Pyr.,  etc.—- Unaltered  in  the  closed  tube.  In  the  open  tube  gives  sulphurous  fumes, 
and  a  crystalline  sublimate  of  arsenic  trioxide.  B.B.  on  charcoal  gives  off  sulphur  and 
arsenic,  and  fuses  to  a  magnetic  globule;  with  borax  a  cobalt-blue  color.  Soluble  in  warm 
nitric  acid,  with  the  separation  of  sulphur. 

Obs. — Occurs  at  Tunuberg  and  Uakausb5  in  Sweden;  at  the  Nordmark  mines;  also  at 
6kutterud  in  Norway;  at  Schladming,  Styria;  Siegen  in  Westphalia;  Botallack  mine,  near 
St.  Just,  in  Cornwall;  Ehetri  mines,  Kajputaua,  India. 

Gersdorffite.  Sulphnrsenide  of  nickel,  NiAsS  or  NiS^.NiAsa.  Iron,  and  sometimes 
cobalt,  replace  more  or  less  of  the  nickel.  Isometric-pyritohedral ;  usually  massive. 
H.  =  5*5.  G.  =  6  6-6-2.  Color  silver-white  to  steel-gray.  From  Loos,  Sweden;  the  Harz; 
Schludming,  Styria,  etc. 

Cor3rnite  is  near  gersdoi-ffltc,  but  contains  also  antimony.    From  Olsa,  Carinthia. 

Willyamite.  CoSa.NiSiCoSba.NiSbt.  Cleavage  cubic.  Color  tin-white  to  steel-gray. 
Broken  Hill  mines,  New  South  Wales. 

Ullmannite.  Sulphantimonide  of  nickel,  NiSbS  or  NiSa.NiSbi ;  arscDic  is  usually 
present  in  small  amount.  Isometric-tetartohedral ;  both  pyritohedral  and  tetrahedral  forms 
occur  (see  Figs.  146,  147,  p.  51).  Usually  massive,  granular.  H.  =  5-5-5.  G.  =  6  2-6'7. 
Color  steel-gray  to  silver-white.  Occurs  in  the  mines  of  Freusburg,  Nassau;  Siegen, 
Prussia;  Ldlliug,  Carinthia  (tetrahedral);   Monteuarba,  Surnibus,  Sardinia  (pyritohedral). 

Eallilite.  Wismutbantimonnickelglanz  Qerm.  NiiSb,Bi)S  or  NiS4.Ni(Sb.Bi)t. 
Mnssive,  color  light  bluish  gray.  From  the  Friedrich  mine  near  Sch5nstein  a.  d.  Sieg, 
Germany. 

Sperrylite.  Platinum  diai-senide,  PtAsa.  In  minute  cubes,  or  cubo-octahedrons. 
H.  =  6-7.  G.  =  10-602.  Luster  metallic.  Color  tin-white.  Streak  black.  Found  at  the 
Vermillion  mine,  22  miles  west  of  Sudbury,  Ontario,  Canada;  also  in  Macon  Co., 
N.  Carolina.    This  is  the  only  known  native  compound  of  platinum. 

Laurite.  Sulphide  of  ruthenium  and  osmium,  probably  esseutiallv  RuSa.  In  minute 
octahedrons;  in  graius.  H.  =  7*5.  G.  =  6*99.  Luster  metallic.  Color  dark  iron-black. 
From  the  platinum  washings  of  Borneo.     Also  reported  from  Oregon. 

Skuttemdite.  Cobalt  arsenide,  CoAss.  Isometric-pyritohedral.  Also  massive 
granular.  Cleavage:  a  distinct.  H.  =  6.  G.  =  6-72-6*86.  Color  between  tin-white  and 
pale  lead-gray.     From  Skutterud,  Norway. 

Nickel- BKUTTERUDiTE.  (Ni,Co,Fe)As».  Massive,  granular.  Color  gray.  From  near 
Silver  City,  New  Mexico. 

BisMUTO-sMALTiTE.  Co(As,Bi)».  A  skutteruditc  containing  bismuth.  Color  tin- 
white.     G.  =  6  92.     Zschorlau,  near  Schneeberg. 

Marcasite  Group. 

For  the  list  of  species  and  their  relations,  see  p.  299. 

MARCASXTB.     White  iron  pyrites. 
Orthorhombic.     Axes  a  ib  :  i  =  0*7662  :  1  :  1-2342. 

mm'".  110  A  lIO  =    74'  55'.  U\  Oil  A  Oil  =  lOr  68'. 

ee'.       101  A  101  =  116*  20'.  cs,  001  A  HI  =    63'  46'. 

Twins:  tw.  pi.  m  (Fig.  619),  sometimes  in  stellate  fivelings  (Fig.  406,  p. 
128,  of.  Fig.  620);  also  tw.  pi.  e  (101),  less  common  the  crystals  crossing  at 
angles  of  nearly  60°.  Crystals  commonly  tabular  |  c,  also  pyramidal;  the 
brachydomes  striated  ||  edge  b/c.  Often  massive;  in  stalactites;  also  globular, 
reniform,  and  other  imitative  shapes. 

Cleavage:  vi  rather  distinct;  /  (Oil)  in  traces.  Fracture  uneven.  Brittle. 
H.  =  6-6*5.  G.  =  4*85-4'90.  Luster  metallic.  Color  pale  bronze-yellow, 
deepening  on  exposure.     Streak  grayish  or  brownish  black.     Opaque. 

Comp.— Iron  disulphide,  like  pyrite,  FeS,  =  Sulphur  53*4,  iron  46*6  =  100. 
Arsenic  is  sometimes  present  in  small  amount. 
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Tar. — I1i«  varieties  named  depend  mainly'  on  state  of  crystal  II  Eat  inn.  HadiaUd 
ISlfaMJdei  Genu.):  Radiated:  also  the  aimple  crystals.  Goelcteon^  P.  [KammkU*  Germ.); 
AgKTegatlouB  of  Uatleued  ttrlu  crystals  in  creat-like  forma.  ^i«iir  P.  {Speerkit*  Gtenn.): 
Twlu  crystals,  with  re-euieiiug  angles  a  tittle  like  the  bead  of  a  spear  Id  form.  Capitiar]/ 
[Haarkie*  Qnm.):  In  capillary  crystallizations. 

Pyr.,  etc.— Like  pyrite.     Very  liable  to  decompoeitloD,  more  so  tlian  pyrite. 

EMS.— Resembles  pyrite,  but  has  a  lower  specific  gravity,  uud  the  color  wbeii  fretb  (e.g. 
after  irealmeut  with  add)  Is  paler;  when  crystallized  easily  dlstiogulshed  by  the  (onus. 
More  subject  to  larulsb  and  Snal  decompositloiT  than  pyrite. 

OI».— Occurs  abundantlv  at  Liitmltz  aod  Altwilell,  uear  Carlsbad  In  Bohemia;  also  at 
Joachlmstbal,  Bohemia,  and  in  Saxony  and  the  Harz.  Occurs  vrlth  galena  and  lluorile  Id 
Derbyshire;  In  chalk-marl  between  Polkeatone  aDd  Dover;  near  AlstooMoor,  Cumberland; 
61B.  619. 


Common  Form. 


Galena,  111. 


Folkestone. 


Scheinnltz,  Hungary.  At  Warwick,  N.  Y,,  In  crystals;  massive  at  Ciimmlngton,  Uass., 
and  at  Lane's  mine,  Motiroe,  Cnuu.;  al  Galena,  111.,  In  slalaclltea  with  concentric  layers  of 
apbalerite  and  galeca;  Mineral  Poliit,  Wis.,  Id  fine  crystals;  on  sphalerite  at  Joplin,  Mo. 

The  word  mareaiilt.  ot  Arabic  or  Moorish  origin  (atid  variously  used  by  old  writers,  for 
bismuth,  aulimotiy).  was  the  name  of  common  crystallized  pyrite  among  miner*  and 
miueralogists  in  later  centuries,  until  near  the  close  of  the  last.  It  was  first  given  to  tlil< 
■pedes  by  Haidloger  in  1845. 

Ldlllnglte.  Eaaenlially  iron  dlarseulde,  FeAs,,  but  passing  lain  FeiAsi  {leua>m/ril4); 
alao  lending  lonard  arseuopyrlle  (FeAaS)  and  sufflorite  (tJoAsi).  liianiuth  and  antimoor 
are  soraeliraes  present.  Usually  massive.  H.  =  5-5-5.  Q.  =  7'0-7-4  chiefly,  also  «-8, 
Luster  metallic.  Cotnr  between  silver-while  and  steel-gray.  Birenk  gra^sh  black. 
Occurs  in  the  LSIIing-HDIlenberg  district  in  Carintfaln;  w!lb  Diccolite  at  SoiladmlDg,  etc. 
Id  the  U.  S.,  imiingite  occurs  in  Gunnison  Co..  Colorado,  etc. 

Geterite  Is  near  lOlllugite,  but  coninius  sulphur;  from  Geyer.  Suxony, 


ARSEKOPTRTTB,  or  Mibficrbl 
Ortho rhombic.     Axes  d  :  l :  i  = 
mm"'.  110  A  110=    88'  13". 


Arsenkies  Oerm. 
0-6773  :  1 :  1-1882. 


uu',     014  A  014  =r    88*    r.'. 

«n',     012  A  Oi2  =    61°  26'. 

q^.  on  A  Oil  =  98'  Stf. 
Twins:  tw.  pi.  m,  Bometimes  re- 
peated like  marcasite  (Fig.  407,  p.  128); 
«  (101)  cruciform  twins,  also  trillings 
(Figs.  402,  403,  p.  128).  CryBtale  priB- 
matic  m,  or  flattened  vertically  by  the 
oscillatory  combination  of  bracbyaomeB. 
AIbo  columDar,  straight,  and   divergent; 

grsnnlar,  or  compact.  _ 

Clenviige :  tn  rather  distinct;  c  in  faint  traces.    Fracture  nneven.     Brittle. 
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H.  =  5'5-6.     G.  =:5'9-6'2.     Luster  metallic.     Color  silver-white,  inclining 
to  steel-gray.     Streak  dark  grayish  black.     Opaque. 

Comp^  Tar.— Sulpharsenide  of  iron,  FeAsS  or  FeS^.FeAs,  =  Arsenic  46-0^ 
sulphur  19*7,  iron  34*3  =  100.  Part  of  the  iron  is  sometimes  replaced  by 
cobalt,  as  in  the  variety  danaite  (3  to  9  p.  c.  Co). 

P3rr.,  •to.— In  the  closed  tube  at  first  gives  a  red  sublimate  of  arsenic  trisulpbide,  tbeu 
n  black  lustrous  sublimate  of  metallic  arsenic.  In  the  open  tube  gives  sulphurous  fumes 
and  a  white  sublimate  of  arsenic  triozide.  B.B.  on  charcoal  g^ves  arsenical  fumes  and  a 
magnetic  globule.  The  varieties  containing  cobalt  giye,  after  the  arsenic  has  been  roasted 
off,  a  blue  color  with  borax-fflass  when  fusM  in  O.F.  with  successive  portions  of  flux  until 
all  the  bron  is  oxidized.  Gives  fire  with  steel,  emitting  an  alliaceous  odor.  Decomposed 
hy  nitric  acid  with  the  separation  of  sulphur. 

Dlft— Characterized  by  Its  hardness  and  tin-white  color;  closely  resembles  some  of  the 
sulphides  and  arsenides  of  cobalt  and  nickel,  but  identified,  in  most  cases  easily,  by  its 
blowpipe  characters.    LOlIiugite  does  not  give  a  decided  sulphur  reaction. 

Ods.— Found  principally  in  crystalliue  rocks,  its  usual  mineral  associates  being  ores  of 
silver,  lead,  and  tin,  also  pyrite,  chalcopyrite,  and  sphalerite.  Abundant  at  Freiberg,  etc.» 
In  Saxony;  Reicheustein,  Silesia,  in  serpentine;  in  beds  at  Breiteubnmn,  Andreasberg, 
Joachimsthal;  Tuuabere,  Sweden;  Skutterud,  Norway;  at  several  points  in  Cornwall. 

In  the  U.  8.,  In  if.  Hamp$Mre,  in  gneiss,  at  Franconia  (danaite),  lu  Maine,  at  Blue 
Hill,  etc.  In  Conn.,  at  Chatham;  at  Mine  Hill,  Roxbury,  with  siderite.  In  if.  York, 
massive.  In  Lewis,  Essex  Co.,  with  hornblende;  near  Edenville,  and  elsewhere  in  Orange 
Co.  In  Gal^omia,  Nevada  Co.,  Grass  valley.  In  crystals  at  St.  Fran9oi8,  BeauceCo., 
Quebec;  large  beds  occur  In  quartz  ore  veins  at  Deloro,  Hastings  Co.,  Oniarlo,  where  it  Is 
mined  for  gold. 

The  name  mispickel  is  an  old  German  term  of  doubtful  origin.  Danaite  is  from 
J.  Freeman  Dana  of  Boston  (179&-1827),  who  made  known  the  Franconia  locality. 

Baflorite.  Like  smaltite,  essentially  cobalt  diarsenlde,  CoAst.  Form  near  that  of 
arsenopyrite.  Usually  maftsive.  H.  =  4'5-6.  G.  =  6'9-7'8.  Color  tin-white,  soon  tar* 
Dishing.    From  Schueeberg,  Saxony;  Bleber,  Hesse;  Witlicben,  Baden;  Tunaberg,  Sweden. 

BammelsbMgite.  Essentially  nickel  diarsenlde,  NlAsi,  like  chloonthite.  Crystals 
resembling  arsenopyrite;  also  massive.  G.  =  6'9-7'8.  Color  tin-white  with  tinge  of  red. 
Occurs  at  Schneeberg  and  at  Riechelsdorf. 

Olaucodot.  Sulpharsenide  of  cobalt  and  iron.  (Co,Fe)A8S.  In  orthorhombic  crystals 
(axes,  etc.,  p.  2»9).  Also  massive.  H  =5.  G.  =  5*9a-601.  Luster  metallic.  Color 
grayish  tin- white.  Occurs  in  Uie  province  of  Huusco,  Chill;  at  Hakansb5,  Sweden. 
Named  from  yXavKoi,  blue,  because  used  for  making  smalt. 

AUoclaslte.  Probably  essentially  Co(A8.Bi)S  with  cobalt  in  part  replaced  by  iron;  or 
a  glaucodot  containing  bismuth.  Commonly  In  columnar  to  hemispberical  aggregates. 
H.  =  4*5.    G.  =  66.    Color  steel-gray.    From  Orawltza. 

WoUachite.  Probably  Ni(As,Sb)S,  near  corynite.  In  small  crystals  resembling 
arsenopyrite:  also  columnar  radiated.  H.  =  4*Ch-o.  G.  =6'872.  Color  silver-white  to 
tin-white.    From  Wolfach,  Baden.  ^ 


The  following  species  are  tellurides  of  gold,  silver,  etc. 

STLVANITB.    Graphic  Tellurium.    Schrifl-Tellur  Germ. 

Monoclinic.  a:l:6  =  1-6339  : 1  :  1-1265;  /5  =  89^  35'.  Often  in  branch- 
ing  arborescent  forms  resembling  written  characters;  also  bladed  and  imper- 
fectly columnar  to  granular. 

Cleavage:  b  perfect.    Fracture  uneven.    Brittle.    H.=  1-5-2.    G.  =  7-9- 
8-3.    Luster  metallic,  brilliant.    Color  and  streak  pure  steel-gray  to  silver- 

white,  inclining  to  jellow.  _ 

with  Au  :  Ag  =1  :  1; 

this 


Comp.— Telluride  of  gold  and  silver  (Au,Ag)Te,  wit! 
ds  requires:  Tellurium  62-1,  gold  24-5,  silver  13-4  =  100. 
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"Pyr.,  etc. — lu  Ibe  open  lube  gives  a  ^liite  sublimate  of  tellurium  dioxide  which  near 
the  assay  is  gray;  when  treated  with  the  blowpipe  tiame  the  subliniaie  fuses  to  clear  trans> 
parent  drops.  B.B.  on  charcoal  fuses  to  a  dark  gray  globule,  coverinir  the  coal  with  & 
white  coating,  which  treated  in  R.F.  disuppeai*s,  giving  a  bluish-green  color  to  the  Hume; 
after  lung  blowing  a  yellow,  malleable  metallic  globule  is  obtained.  Most  varieties  give  vl 
faint  coating  of  lead  oxide  and  antimony  oxide  on  charcoal. 

Ob»  — With  gold,  at  Offenbdnya,  Transylvania;  also  at  Nagydg.  In  Califomin,  Cala- 
venis  Co.,  at  the  Melones  and  Stanislaus  mines.  In  Boulder  Co.,  and  elsewhere  in  Colorado. 
Named  from  Transylvania,  where  fii-st  found,  and  in  allusion  to  sy Itanium,  one  of  the 
names  at  fii-st  proposed  for  the  metal  tellurium. 

Erennerite.  A  telluride  of  ^old  and  silver  (Au,Ag)Tc3  like  sylvanite.  In  prismatic 
crystals  (orthorhombic),  vertically  striated.  G.  =  8B53.  Color  silver-white  to  brass- 
yellow.     From  Nagydg,  Transylvania;  Cripple  Creek  Colorado. 

Calaverite.  a  gold-silver  telluride.  Like  sylvanite  (Au,Ag)Tea  with  Au  :  Ag  =^ 
6  :  1  or  7  : 1.  Massive.  H.  =  2*5.  G.  =  9043.  Color  pale  bronze-yellow.  Occurs  witb 
petzite  at  the  Stanislaus  mine,  Calaveras  county,  California.  Also  at  the  Red  Cloud  and 
other  mines,  Colorado. 

Calaverite  has  the  same  general  formula  as  sylvanite  but  a  much  higher  percentage  of 
gold,  and  may  belong  with  it ;  or,  as  seems  probable,  krennerite  may  be  the  crystallized 
form  of  calaverite. 

Nagyagite.  A  sulpbo-telluride  of  lead  and  gold ;  containing  also  about  7  p.  c> 
of  antimony.  Orthorhombic.  Crystals  tabular  |  b ;  also  granular  massive,  foliated. 
Cleavage:  b  perfect;  flexible.  H.  =  1-1  5.  G.  =  6-85-7'2.  Luster  metallic,  splendent. 
Streak  and  color  blackish  lead-gray.  Opaque.  From  Nagyag,  Transylvania;  and  at 
Offenbdnya.    Reported  from  Colorado. 

Oxysulphides. 

Here  are  included  Kermesite,  Sb,S,0,  and  Voltzite,  Zn^S^O. 

Kermesite.  Antimonblende,  Rothspiessglanzerz  Oerm.  Pyrostibite.  Antimony  oxy* 
sulphide,  Sb,S,0  or  28b9S».Sb,0..  Monoclinic.  Usually  in  tufts  of  capillary  crystals* 
Cleavage:  a  perfect.     H.  =1-15.     G.  =4  5-4*6.     Luster  adamantine.     Color  cherry-red.. 

Results  from  the  alteration  of  stibnite.  Occurs  at  Malaczka.  Hungary;  Brftunsdorf,. 
Saxony;  Allemont,  Dauphine.  At  South  Ham.  Wolfe  Co.,  Quebec,  CanadH;  with  native^ 
antimony  and  stibnite  at  the  Prince  William  mine,  York  Co.,  New  Brunswick. 

Named  from  kertnes,  a  name  given  (from  the  Persian  qurmizq.  crimson)  in  the  older 
chemistry  to  red  amorphous  antimony  trisulphide,  often  mixed  with  antimony  trioxide. 

Voltzite.  Zinc  oxysulphide,  Zn^S^O  or  4Zn8.ZnO.  In  implanted  spherical  globules;, 
H.  =  4-1*5.  G.  =  8-66-8-80.  Color  dirty  rose-red.  yellowish.  Occurs  at  Rosi^res,  Puy 
de  D6me;  Joachimsthal;  Marienberg,  Saxony  {leberbUnde), 
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m.  SnUPHO-SALTS. 

I.  Sulphanenites,  Sulphantimonites,  SulphoUnnatliitef. 
n.  Sulphanenateii  Sulphoitaiinateai  etc. 


I.  Sulphanenites,  Sulphantimonites,  etc. 

In  these  snlpho-salts,  bb  farther  explained  on  p.  248,  sulphur  takes  the 
place  of  the  oxygen  in  the  commoner  and  better  understood  oxygen-acids  (as 
•carbonic  acid,  H,CO„  sulphuric  acid,  H,SO^,  phosphoric  acid,  H,rO„  etc.). 

The  species  included  are  salts  of  the  sulpho-acids  of  trivalent  arsefiic^ 
'antimony  and  bUmuih,  The  most  important  acids  are  the  ortho-acids, 
H,As8„  etc.,  and  the  meta-acids,  H,AsS„  etc.;  but  H^As,S^  etc.,  and  a  series 
of  others  are  included.  The  metals  present  as  bases  are  chiefly  copper,  silver, 
Uad;  also  zinc,  mercury,  iron,  rarely  others  (as  Ni,  Go)  in  small  amount.  In 
Tiew  of  the  hypothetical  character  of  many  of  the  acids  whose  salts  are  here 
represented,  there  is  a  certain  advantage,  for  the  sake  of  comparison,  in  writing 
the  composition  after  the  dualistic  method,  BS.As,S„  2BS.A8,S,»  etc. 

As  a  large  part  of  the  fifty  species  here  included  are  rare  and  hence  to  be 
mentioned  but  briefly,  the  classification  can  be  only  partially  developed.  The 
divisions  under  the  first  and  more  important  section  of  sulpharsenites,  etc^ 
with  the  prominent  species  under  each,  are  as  follows: 


A.  Acidic  Division. 

B.  Meta-  Division. 

General  formula: 


ES  :  (As3b,Bi),8,  =  1  :  2,  2  :  3,  3  :  4,  4  :  6. 

KS :  (A8,Sb,Bi),S.  =  1:1. 
EAs,S„RSb,S„EBi,S,. 


Zinkenite 
Sartorite 
Also 
Kiargyrite 


Zinkenite  Group. 

PbS.Sb.S,  Emplectite  Cu,S.Bi.S, 

PbS.A8,S,  Chalcosttbite         Gu.S.Sb.S,,  etc. 


Ag,S.Sb.S. 


Chalcostibite 
Lorandite 


T1,S.A8,S, 


C.  Intermediate  Division.       ES  :  (A8,Sb,Bi),S.  =  5  :  4,  3  :  2,  2  : 1,  5  :  2. 

Here  belong 


Tlagionite 

tSchirmerite 
Binnite 


5PbS.4Sb,S,. 

3(Ag„Pb)S.2Bi,S,        KlaprothoUte 
3Cu,S.2A8,S,  Warrenite 


Jamesonite  Group. 

2PbS.Sb,S.  CosaUte 

2PbS.A8.S. 

Also  Freieslebenite  5(Ag„Pb)S.2Sb,S,  Boulangerite 


Jamesonite 
Sufrenoysite 


3Cu,S.2Bi,S„  etc 

3PbS.2Sb.S. 


2PbS.Bi,S.,  etc. 


5PbS.2S.S. 
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D.  Ortho-  Division.  RS  :  (A8,Sb,Bi).S.  =  3:1. 

General  formula:  E,A8S.,R,SbS,;    B,A8,S„B,Sb,S^  etc. 

Bouruouite  Group. 

Bournonite  3(Cu„Pb)S.Sb,8,  Wittichenite  3Cu,S.Bi,S, 

Aikinite  3(Pb,Cu.)S.Bi,S.  Lillianite  3PbS.Bi.S.,  etc. 

Pyrargyrite  Group. 

Pyrargyrite  3Ag,S.Sb,8,  Proustite  3Ag,S.A8.S, 

E.  Basic  Division.        RS  :  (A8,Sb,Bi),8,  =  4  :  1,  5  :  1,  6  :  1,  9  :  1, 12  :  1. 

Tetrahedrite  Group. 

Tetrahedrite  4Cu,S.Sb,8,  Tennantite  4Cu,S.A8,S, 

Jordanite  Group. 

Jordanite  4PbS.A8,S,  Meneghinite  4PbS.Sb,S, 

Also 
Oeooronite  5PbS.Sb,S,  Stephanite  5Ag,8.Sb,S, 

XUbriokenite  6PbS.Sb,S,  Boegerite  6PbS.Bi,S, 

Polybasite  Group* 

Polybaiite  9Ag,S.Sb,S,  Pearccite  9Ag,S.A8,S, 

Polyargyrite  12Ag,S.Sb,S, 


A.  Acidic  Division. 


Uvingitonite.    HgS.2StLS,.    Resembles  stibnite  in  form.    Color  lead-gray;   streak 
red.    H  =  2.    G.  =  4*81.    From  Huitzuco.  Mexico. 

OhlTiatite.    2PbS.8Bi,S,.    Foliated  massive.    Color  lead-gray.    From  Chiviato,  Peru. 

Ouprobismutite.    Probably  8Cu,8.4Bi9Ss.  iu  part  argentiferous.    Resembles  bismuth- 
Inite.    G.  =  6-8-6-7.    From  Efall  valley,  Park  Co.,  Colorado. 

Resbanyite.    4PbS.5Bi,S,.    Fine-granular,  massive.    Color  lead-gray.    G.  =  6*1-6*4. 
From  Rezbanya,  Hungary. 


B.  Meta-  Division.    RS.A8,S.,  RS.Sb.S.,  etc. 

Zinkenite  Group.     Orthorhombic. 

ZINKENITB.     Bleiantimonglanz  Oerm.    Ziockenite. 

Orthorhombic.  Axes  d  :h:  6-=  0*5575  :  1  :  0*6353.  Crystals  seldom  dis- 
tinct; sometimes  in  nearly  hexagonal  forms  through  twinning.  Lateral  faces 
longitudinally  striated.    Also  columnar,  fibrous^  massive. 

Cleavage  not  distinct.  Fracture  slightly  uneven.  H.  =  3-3*5.  G.  =  5'30- 
£*35.    Luster  metallic.    Color  and  streak  steel-gray.    Opaque. 
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Comp.— PbSb.S,  or  PbS.Sb,S,  =  Sulphur  22-3,  antimony  41*8,  lead  35-9  = 
100.    Arsenic  sometimes  replaces  part  of  the  antimony. 

Pyr.,  etc.— Decrepitates  oud  fuses  very  easily:  iu  iLe  closed  tube  gives  a  faint  subli- 
mate of  sulphur,  and  autimony  irisulphide.  In  the  opeu  tube  sulphurous  fumes  and  a 
white  sublimate  of  oxide  of  aDtimonj;  the  arsenical  variety  gives  also  arsenical  fumes.  On 
charcoal  is  almost  entirely  volatilized,  giving  a  coating  which  ou  the  outer  edge  is  white, 
and  near  the  assay  dark  yellow;  with  soda  iu  R.F.  yields  globules  of  lead.  Soluble  iu  hot 
hydrochloric  acid  with  evolution  of  hydrogen  sulphide  and  separation  of  lead  chloride  on 
cooling. 

Obs. — Occurs  at  Wolfsberg  in  the  Harz;  Kinzfgthal,  Baden;  Sevier  County,  Arkansas; 
San  Juan  Co.,  Colorado. 

Andorite.  Ag*S.2PbS.8SbsSs.  In  prismatic,  orthorbombic  crystals.  Color  dark  gray 
to  black.     From  FelsObanya.      Webnerite  and  Sundtite  belong  here. 

Sartorite.  Skleroklas  Oerm.  PbS.AssSs.  In  slender,  striated  crystals.  G.  =  5'808. 
Color  dark  lead-gray.     Occurs  in  the  dolomite  of  the  Binnenthal. 

Bmplectite.  Kupferwismuthglanz  Oerm.  CutS.Bi,8s.  In  thin  striated  prisms. 
G.  =  6  8-6*5.  Color  grayish  white  to  tin- white.  Occurs  in  quartz  at  Schwarzenberg  and 
Annaberg,  Saxony. 

Ohalcostibite.  Wolfsbergite.  Kupferantimonglanz  G^«fn.  Cu,S  Sb,S,.  In  small  aggre- 
gated prisms;  also  fine  granular,  massive.  G.  =  4*75-60.  Color  between  lead-gray  and 
iron-gray.     From  Wolfsberg  in  the  Harz.     OuejaHte  from  Spain  is  the  same  syiecies. 

Galenobismutite.  PbS.Bi,8,:  also  with  Ag.Cii.  Crystalline  cohimuar  to  compact. 
Color  lend-gray  lo  tin-white.  G.  =  6*9.  From  Noidmavk,  Sweden;  Poughkeepsie  Gulch,. 
Colorado  (alaskaUe,  argentiferous);  Falun,  Sweden  (seleniferous). 

Berthierite.  Probablv  FeS.Sb.Ss.  Fibrous  massive,  granular.  G.  =  4*0.  Color  dark 
steel-gray.    From  Chazellesand  Martouret,  Auvergne;  Brftunsdorf,  Saxony,  etc. 

Matildite.  A^.S.BiaSt.  In  slender,  prismatic  crystals.  G.  =6-9  Color  gray. 
From  Morochoca,  Peru;  Lake  City,  Colorado.  Plenargyritb,  from  Schapbach,  Badeu» 
has  probably  the  same  composition  and  may  be  identical. 

Miarg3rrite.  Ag,S.Sb,Ss.  In  complex  nionocliuic  crystals,  also  massive.  H.  =  2-2'5» 
G.  =  5*1-5  80.  Luster  metallic-adamantine.  Color  iron-black  to  steel-gray,  in  thin  splin- 
ters deep  blood-red.  Streak  cherry -red.  From  Brilunsdorf,  Saxony;  FelsObanya;  Pribram^ 
Bohemia;  Clausthal,  etc. 

Lorandite.  A  sulpharsenide  of  thallium,  TlAsS,.  Monoclinic.  Color  cochineal- red. 
From  Allchar,  Macedonia. 


C.  Intermediate  Division. 

Plagionite.  Perhaps  5PbS.4Sb,S».  Crystals  thick  tabular,  monoclinic;  also  massive, 
granular  to  compact.     G.  =  5*4.     Color  blackish  lead-gray.     From  Wolfsberg,  etc. 

Bchirmerite.  8(Acr,.Pb)8.2Bi,8,.  Massive,  granular.  G.  =  6*74.  Color  lead-gray. 
Treasury  lode,  Park  Co.,  Colorado. 

Elaprotholite.  SCusS.BiaSs.  In  furrowed  prismatic  crystals.  G.  =  4*6.  Color  steel- 
gray.     Wittichen,  Baden. 

Binnite.  Perhaps  3Cua8.2As,Sj.  Isometric- tetrahedral;  also  massive.  G.  =  4*477. 
Color  dark  steel-gray  to  iron-black.     From  the  dolomite  of  the  Binnenthal. 

Warrenite.  Domingite.  8PS.2SbaS,.  In  wool-like  aggregates  of  acicular  crystals. 
Color  grayish  black.     Gunnison  Co.,  Colorado. 


Jamesonite  Group.      2BS.A8,S,,  2RS.Sb,S„  etc.       Orthorhombic.      Pris- 
matic angle  about  80°. 

JAMBBONITB. 

Orthorhombic.  Axes:  dt :  5  =  0*915  : 1.  f?zm"' =  78°  40'.  In  acicular 
crystals;  common  in  capillary  forms;  also  fibrous  massive,  parallel  or  divergent; 
compact  massive. 
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Cleavage:  basal,  perfect;  5,  m  less  so.  Fracture  uneven  to  conchoidal. 
Brittle.  H.  =  2-3.  G.  =  5'5-G-O.  Luster  metallic.  Color  steel-gray  to  dark 
lead-gray.     Streak  grayish  black.     Opaque. 

Comp Pb,Sb,S,  or  2PbS.Sb,S,  =  Sulphur  19-7,  antimony  29*5,  lead  50-8  = 

100.  Most  varieties  show  a  little  iron  (1  to  3  p.  c),  and  some  contain  also 
silver,  copper,  and  zinc. 

Pyr. — Same  as  for  zinkenite,  p.  807. 

Obs. — Occurs  priucipally  in  Cornwall;  also  in  Siberia;  Hungary;  at  Valentiad' Alcantara 
in  Spain;  at  the  antimony  mines  in  Sevier  Co.,  Arkansas.  Named  after  Prof.  Robert 
Jameson  of  Edinburgh  (1774-1854). 

The  ftaOuT  ore  (Feidererz  Qtrm,)  occurs  at  Wolfsberg,  etc.,  in  the  Harz;  Freiberg, 
Schemnitz;  in  Tuscany,  near  Bottino. 

Dufrenoygite.  2PbS.AsaSs.  In  highly  modified  orthorhombic  crystals;  also  massive. 
Cleavage:  c  perfect.  H.  =8.  G.  =  5*55-5*57.  Color  blackish  lead-gray.  From  the  Bin- 
nenthaT,  Switzerland,  in  dolomite. 

Rathite.    a  sulpharsenite  of  lead  resembling  dufrenoysite.    From  the  Binnenthal. 

Ooaalite.  2PbS.BiflSs.  Usually  massive,  fibrous  or  radiated.  G.  =  6*89-6*75.  Color 
lead-  or  steel-gray.  Cosala,  Province  of  Sinaloa,  Mexico;  Bjelke  mine  (bjelkite),  Nerd- 
mark,  Sweden;  Colorado. 


Kobellite.    2PbS.(Bi,Sb)tSs.    Fibrous  radiated  or  granular  massive.    G.  =  6*3.    Color 
lead-gray  to  steel-gray.     From  Hvena,  Sweden;  Ouray,  Colorado. 

Brongniardite.    PbS.AgaS.SbaSs.    In  isometric  octahedrons  and  massive.    G.  =  5*950. 
Color  grayish  black.    From  Mexico. 

Semseyite.    Near  Jamesonite,   perhaps  7PbS.8SbaSs.     In  small  tabular   monoclinic 
cxystals.    G.  =  5*95.    Color  gray.    From  FelsOb^ya,  Hungary. 

Sohapbachite.     PbS.AgiS.BiaSs.    In  acicular  crystals  and  granular  massive.    G.  = 
6*48.    Color  lead-gray,    from  Schapbach,  Baden. 


FREIESLBBSNmi. 

Monoclinic.     Axes  a:t:d  =  0-5871  :  1  :  0-9277;  /5  =  87°  46'.  Habit  pris- 

matic.    G.  =  6*2-6*4.     Luster  metallic.     Color  and  streak   light  steel-gray 

inclining  to  silver-white^  also  to  blackish  lead-gray. 

Comp.-(Pb,Ag^.Sb,S..  or  5(Pb,AgJS.2SbA. 

Obs.— From  the  JBLimmelsfUrst  mine,  at  Freiberg,  Saxony;  Eapnik.  Hungary;  FelsO- 
b&nya;  Hiendelencina,  Spain;  also  from  the  Augusta  Mt.,  Gunnison  Co.,  Colorado. 

Diaphorite.  Like  freieslebenite  in  composition  but  orthorhombic  in  form.  G.  =  5*9. 
From  Pribram,  Bohemia. 

BOULANGBRITEI. 

Orthorhombic.  In  crystalline  plumose  masses;  granular,  compact.  H.  = 
2*5-3.  G.  =  5*75-6-0.  Luster  metallic.  Color  bluish  lead-gray;  often  covered 
with  yellow  spots  from  oxidation.     Opaque. 

Comp.— Pb.Sb.S,,  or  5PbS.2Sb,S,  =  Sulphur  18-9,  antimony  25-7,  lead 
65-4  =  100. 

Pyr. — Same  as  for  zinkenite,  p.  807. 

Obs. — Moli^res,  Depart,  du  Gard,  France;  at  Nerchinsk;  Wolfsberg  in  the  Harz; 
I^ibram.  Bohemia:  near  Bottino,  Tuscany;  Echo  District,  Union  county,  Nevada. 

BmbrUhUe  and  plumbastib  are  from  Nerchinsk;  they  correspond  nearly  to  10PbS.88b«8i, 
but  the  material  analyzed  may  not  have  been  quite  pure. 
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D.  Ortho-  Division.    SRS.As.S.,  3RS.Sb,S.,  etc. 
Boumonite  Group.     Orthorhombic.     Prismatic  angle  86^  to  87' 

BOXTRNONrm.     RAdelerz  Germ.    Wheel  Ore. 
Orthorhombic.     Axes:  d:h:i  =  0-9380  :  1  :  0*8969. 


tntn"\  110  A  110 
CO,       001  A  101 


86' 20' 
43'  43' 


en,  001  A  Oil 
cu,  001  A  112 


4r  63' 
88"  16' 


624. 


626. 


626. 


Harz. 


Nagydg. 


Kapnik. 


Twins:  tw.  pi.  m,  often  repeated,  forming  cruciform  and  wheel  shaped 
crystals.    Also  massive;  granular,  compact. 

Cleavage :  b  iniperfect ;  a,  c  less  distinct.  Fracture  subconchoidal  to  uneven. 
Rather  brittle.  H.  =  2*5-3.  G.  =  5-7-5*9.  Luster  metallic,  brilliant.  Color 
and  streak  steel-gray,  inclining  to  blackish  lead-gray  or  iron-black.     Opaque. 

Comp.— (Pb,Cu,),Sb,S.  or  3(Pb,Cu,)S.Sb,S.  =  PbCuSbS,  (if  Pb  :  Cu,  = 
2:1)  =  Sulphur  19*8,  antimony  24*7,  lead  42  5,  copper  130  =  100. 

Pyr.,  etc. — In  the  closed  tube  decrepitates,  and  gives  a  dark  red  sublimate.  In  the  open 
tube  gives  sulphur  dioxide,  and  a  white  sublimate  of  oxide  of  autimony.  B.B.  od  charcoal 
fuses  easily,  and  at  first  coats  the  coul  white;  continued  blowing  gives  a  yellow  coaling  of 
lead  oxide;  the  residue,  treated  with  soda  in  R.F.,  gives  a  globule  of  copper.  Decomposed 
by  nitric  acid,  affording  a  blue  solution,  and  leaving  a  residue  of  sulphur,  and  a  white 
powder  containing  antimony  and  lead. 

Obs. — From  Neudorf  in  the  Harz;  also  Wolf sberg,  Clnusthnl,  and  Andreasberg;  Pribram, 
Bohemia;  Kapnik,  Hungary;  Endellion  at  Wheal  Boys,  Cornwall;  in  Mexico;  Huasco-Alto, 
Chili. 

In  the  U.  S.,  at  the  Boggs  mine,  Yavapai  Co  ,  Arizona;  also  Montgomery  Co.,  Arkansas; 
reported  from  San  Juan  Co..  Colorado.  In  Canada,  in  the  township  of  3Iarmora,  Hastings 
Co.,  and  Darling,  Lanark  Co..  Ontario. 

Aikinite.  3(Pb,Cu.j)S.BiaS3.  Aciculnr  crystals;  also  massive.  G.  =  61-6  8.  Color 
blackish  lead-gray.     From  Berezov  near  Ekaterinburg,  Urals. 

Wiltichenite.  SCu^S.BiaSs.  Rarely  in  crystals  resembling  bournonite;  also  massive. 
G.  =  45.     Color  steel-gray  or  tin-white.     Wittichen,  Baden,  etc. 

Stylotypite.  3(Cua,Aga,Fe)S.Sb2S3.  In  orthorhombic  crystals,  in  cruciform  twins  like 
bournonite.     G.  =  479.     Color  iron-black.     Copiapo,  Chili. 


LiUianite.     SPbSBiSbSa  and   SPbS.BiaSs.     Massive,   crystalline.     Color  steel-gray. 
Hvena,  Sweden;  Leadville,  Colorado  (argentiferous). 

Ouitermanite.     Perhaps  SPbS.AsaSs.     Massive,   compact.     G.  =  5  94.     Color  bluish 
gray.     Zuili  mine,  Silverton.  Colorado. 

Tapalpite.     A  sulpho-telluride  of  bismuth  and  silver,  perhaps  3Aga(S,Te).Bi9(S,Te)». 
Massive,  granular.     G.  =  7*80.     Sierra  de  Tapalpa,  Jalisco,  Mexico. 
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Pypargyrite  Group.    Bhombohedral-hemimorphic. 


Ruby  Silver  Ore.    Dark  Red  Silver  Ore.    Dunkles  RotbgQltlgerz, 
AntimoDsilberblende  Oerm, 

Ehombohedral-hemimorphic.    Axis:  6  =  0  7892;  0001  A  lOll  =  42"*  20i'. 


€e\   0112  A  1012  =  42*  6' 
Tr\   1011  A  ilOl  =  71'  22' 

627. 


628. 


wf,  2l8l  A  2yil  =  74"  25' 
WT,  2l8l  A  8121  =  85^  12' 

629. 


Crystals  confimonly  prismatic.  Twins:  tw.  pi.  a,  very  common,  the  axes  & 
parallel;  u  (1014),  also  common.     Also  massive,  compact. 

Cleavage:  r  distinct;  e  imperfect.  Fracture  conchoidal  to  uneven.  Brittle* 
H.  =  25.  G.  =  5*77-5'86;  5*85  if  pure.  Luster  metallic-adamantine.  Color 
black  to  grayish  black,  by  transmitted  light  deep  red.  Streak  purplish  red. 
Nearly  opaque,  but  transparent  in  very  thin  splinters.  Optically  — .  Refractive- 
indices,  00  =  3*084,  e  =  2*881  Fizeau. 

Comp.— Ag.SbS,  or  3Ag,S.Sb,S,  =  Sulphur  17*8,  antimony  22*3,  silver  W^ 
=  100.     Some  varieties  contain  small  amounts  of  arsenic. 


'.,  etc. — In  the  closed  tube  fuses  and  gives  a  reddish  sublimate  of  aDtimony  oxysul- 
phide;  in  the  open  tube  sulphurous  fumes  and  a  A^hite  sublimate  of  oxide  of  antimony. 
B.B.  OQ  charcoal  fuses  with  spirting  to  a  globule,  coats  the  coal  white,  and  the  assay  is- 
converted  into  silver  sulphide,  which,  treated  in  O.F.,  or  with  soda  in  R.F.,  gives  a  globule 
of  silver.  In  case  arsenic  is  present  it  may  be  delected  by  fusing  the  ])ulverize(l  mineral 
with  soda  on  charcoal  in  R.F.  Decomposed  by  nitric  acid  with  the  separation  of  sulpbiir 
and  of  antimony  trioxide. 

Obi.— Occurs  at  Andreasberg  in  the  Harz;  Freiberg,  Saxony;  Pribram,  Bohemia; 
Schemnitz.  etc.,  Hungary;  Kongsberg,  Norway;  Gaudalcanal,  Spain;  in  Cornwall.  In 
Mexico  it  is  worked  at  Guanajuato  and  elsewhere  as  an  ore  of  silver.  In  Chili  with  proust- 
iie  at  Chafiarcillo  near  Copiapo. 

In  Colorado,  not  uncommon;  thus  in  Ruby  district,  Gunnison  Co.:  with  sphalerite  in 
Snefflc's  distr  ,  Ouray  Co.,  etc  In  Nevada,  at  Washoe  in  Daney  Mine;  about  Austin, 
Reese  river;  at  Poorman  lode,  Idaho,  in  masses  with  cerargyrite.  In  New  Mexico,  Utah, 
and  Arizona  with  silver  ores  at  various  points. 

Named  from  izvp,  firey  and  apyvpo^,  ailveTf  in  allusion  to  the  color. 


PROUBTITB.    Ruby  Silver  Ore.     Light  Red  Silver  Ore.     Lichtes  Rothgtlltigerz. 
Arsensilberblende  Oerm. 

Rhombohedral-hemimorphic.     Axis  6  =  0*8039;  0001 A 1011  =  42°  62'. 

ee\  0112  A  1012  =  42"  46'  tJtj',  2l3l  a  2311  =  74'  S9' 

rr\  1011  A  1101  =  72*  12'  tv\  2131  a  3121  =  35'  18* 

Crystals  often   acute  rhombohedral  or   scalenohedral.      Twins:   tw.  pL 
u  (10l4)  and  r.     Also  massive,  compact. 
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Cleavage:  r  distinct.  Fracture  conchoidal  to  uneven.  Brittle.  H.  =  2-2*5. 
O.  =  5*57-5'64;  5*57  if  pure.  Luster  adamantine.  Color  scarlet-vermilion; 
streak  same,  also  inclined  to  aurora-red.  Transparent  to  translucent.  Op- 
tically negative.     Double  refraction  strong.     cOj.  =  2*979. 

Comp. — AgjAsS,  or  3 Ag,S.A8,S,  =  Sulphur  19*4,  arsenic  15*2,  silver  65*4 
^  100. 


'.,  etc. — In  the  closed  tube  fuses  easily,  and  gives  a  faint  sublimate  of  arseuie  tri- 
:sulphide;  in  tlie  open  tube  sulphurous  fumes  and  a  white  crystalline  sublimate  of  arsenic 
trioxide.  B.B.  on  charcoal  fuses  and  emits  odors  of  sulphur  and  arsenic;  with  soda  iu 
ii.F.  gives  n  globule  of  silver.     Decomposed  by  nitric  acid,  with  separation  of  sulphur. 

Obs. — Occurs  at  Freiberg.  Johanneeorgenstadt,  etc.,  in  Saxony;  Joachimsthal.  Bohemia; 
Chalanches  in  Dauphiue;  Guadalcanal  in  Bpaiu;  in  Mexico;  Peru;  Chili,  at  Chafiarcillo  iu 
magnificeut  crystallizations. 

In  Colorado,  Ruby  dlstr.,  Gunnison  Co.;  Sheridan  mine.  San  Miguel  Co.;  Yankee  Girl 
mine,  Ouray  Co.  In  Arizona,  with  silver  ores  at  various  points.  In  Nevada,  in  the  Daney 
mine,  and  in  Comstock  lode,  rare;  Idaho,  at  the  Poorman  lode. 

Named  after  the  French  chemist,  J.  L.  Proust  (1755-1826). 

Sanguinite.  Near  proustite  in  composition.  In  glittering  scales,  hexagonal  or  rhombo- 
bedral.     From  Chafiarcillo,  Chili. 

Falkenhaynite.  Perhaps  SOutS.SbtSs.  Massive,  resembling  galena.  From  Joachims- 
thai,  Bohemia. 

Pyrostilpnite.  Like  pyrargyfite,  SAgsS.SbtSs.  In  tufts  of  slender  (monoclinic)  crys- 
tals.   G.  =  4-25.    Color  hyacinth-red.    From  Andreasberg  in  the  Harz;  Freiberg;  Pribram. 

Rittingerite.  Contains  arsenic,  selenium,  and  silver.  In  small  tabular  crystals. 
O.  =  5*68.  Color  blackish  brown  to  iron-black;  hyacinth-red  by  transmitted  light.  Streak 
orange-yellow.    From  Chafiarcillo,  Chili. 


E.  Basic  Division. 

Tetrahedrite  Group.     Isometric-tetrabedral. 

TBTRAHEDRITZ].     Gray  Copper  Ore.     Fahlerz  Oerm, 

Isometric-tetrabedral.  Habit  tetrabedral.  Twins:  tw.  pi.  o;  also  with 
parallel  axes  (Fig.  354,  p.  121,  Fig.  370,  p.  124).  Also  massive;  granular, 
coarse  or  fine;  compact. 


630. 


631. 


632. 


Cleavage  none.  Fracture  subconcboidal  to  uneven.  Ratber  brittle. 
H.  =  3-4.  G.  =  4-4-5-1.  Luster  metallic,  often  splendent.  Color  between 
Hint  gray  and  iron-black.  Streak  like  color,  sometimes  inclining  to  brown 
:and  cberry-red.  Opaque;  sometimes  subtranslucent  (cherry-red)  in  very  thin 
isnli  Titers 

Comp!,  Tar.— Essentially  Cu,Sb,S,  or  4Cu,S.Sb,S,  =  Sulphur  231,  anti- 
mony 24*8,  copper  52*1  =  100. 
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Autimony  and  arsenic  are  usually  both  present  and  ihus  tctrubedrite  graduates  into  tbe 
allied  species  tenuautite.  Tbere  are  also  varieties  coiitainiDg  bismuth,  cbietly  at  tbe 
arsenical  end  of  tbe  series.  Fuitber  tbe  coi>per  may  be  replaced  by  iron,  zinc,  silver, 
mercury,  lead,  and  rarely  cobalt  aiid  nickel. 

Var. — Ordinary,  Contains  little  or  no  silver.  Color  steel-gray  to  dark  gray  and  iron- 
black.     G.  =  4  75-4  9. 

Argentiferous;  Freibergite,  Weissgilligerz  Germ.  Coutaius  3  to  30  p.  c.  of  silver.  Color 
usually  steel-gray,  ligbter  tban  tbe  ordinary  varieties;  someiimes  iron-black;  streak  often 
reddisb.     G.  =  4-85-5-0. 

Mercurial;  tkhvoatzite .  Contains  6  to  17  p.  c.  of  mercury.  Color  dark  gray  to  irou- 
black.     Luster  often  dull.     G.  =  5*10  cbietly, 

Malinowakite,  from  Peru  and  a  similar  variety  from  Arizona,  coutain  13-16  p.  c.  of  bad. 

Pyr.,  etc. — Differ  in  tbe  different  varieties.  In  tbe  closed  tube  all  tl>e  antimonial  kinds 
fuse  and  give  a  dark  red  sublimate  of  antimony  oxysulpbide;  if  mucb  arsenic  is  present,  a 
sublimate  of  arsenic  trisulpbide  first  forms.  In  tbe  open  tube  fuses,  gives  sulpburous  fumes 
and  a  wbite  sublimate  of  antimony  oxide:  if  arsenic  is  present,  a  crystalline  volatile  subli- 
mate condenses  witb  tbe  antimony;  if  tbe  ore  contains  mercury  it  condenses  in  minute 
metallic  globules.  B.B.  on  charcoal  fuses,  ^ives  a  coating  of  tbe  oxides  of  antimony  and 
sometimes  arsenic,  zinc,  and  lead;  arsenic  is  detected  by  tbe  odor  when  tbe  coating  is  treated 
in  R.F.  Tbe  roasted  mineral  gives  witb  tbe  fluxes  reactions  for  iron  and  copper;  witb  soda 
yields  a  globule  of  metallic  copper.  Decomposed  by  nitric  acid,  w  itb  separation  of  sulphur 
aud  antimony  trioxide. 

Diff. — Distinguished  by  its  form,  when  crystallized,  by  its  deep  black  color  on  fracture 
and  brilliant  metallic  luster.  It  is  harder  than  bournonite  aud  mucb  softer  than  magnetite; 
tbe  blowpipe  characters  are  usually  distinctive. 

Obs.— Often  associated  witb  chalcopyrite,  pyriie,  sphalerite,  galena,  and  various  other 
silver,  lead,  and  copper  ores;  also  sidente.  Occurs  at  many  Cornish  mines;  thus  at  tbe 
Herodsfoot  mine,  Liskeard.  in  tetrahedral  crystals  often  coated  witb  iridescent  cba1co))yrite; 
the  Levant  mine  near  St.  Just.  From  Andreiisberg  and  Claustbal  in  tbe  Harz;  Freibere, 
Saxony;  Dillenburg  and  Horhausen  in  Nassau;  at  MQseu;  various  mines  in  the  Black 
Forest;  Pribram.  Bohemia;  Kogel  near  Brixleggin  Tyrol;  Knpnik,  Herrengrund,  Hungary. 
In  Mexico,  at  Duraugo.  Guanajuato;  Chili;  Bolivia,  etc.  Tbe  argentiferous  variety  occurs 
especially  at  Freiberg;  Pribram;  Huallanca  in  Peru,  and  elsewhere.  Tbe  mercurial  variety 
at  Scbm5lniiz.  Hungary;  Schwatz,  Tyrol;    vallejs  of  Angina  aud  Castello,  Tuscany. 

In  the  U.  8.,  tetrabedrite  occurs  at  tbe  Kellogg  mines,  Arkansas.  In  Colorado,  in  Clear 
Creek  and  Summit  Cos.;  tbe  Ulay  mine.  Lake  Co. ;  with  pyrargyrite  in  Ruby  district, 
Gunnison  Co.,  etc.  Much  of  the  Colorado  ^'grav  copper"  is  teuuantite  (see  l)elow).  In 
Nevada,  abundant  in  Humboldt  Co.;  near  Austin  in  Lauder  Co.;  Isabella  mine,  Reese 
river.    In  Arizona  at  the  Heintzelman  mine;  at  various  points  in  British  Columbia. 

TENNANTITE. 

Isometric-tetrahedral.  Crystals  often  dodecahedral.  Also  massive,  com- 
pact.    H.  =  3-4.     G.  =  4*37-4*49.     Color  blackish  lead-gray  to  iron-black. 

Comp. — Essentially  Cu.As,S,  or  4Cu,S.As,S,  =  Sulphur  25*5,  arsenic  17'0, 
copper  57*5  =  100. 

Var.— Often  contains  antimony  and  thus  graduates  into  tetrabedrite.  Tbe  original  ten- 
nantite  from  Cornwall  contains  only  copper  and  iron.     In  crystals,  habit  dodecahedral. 

Sandbergerite.  Kupferblende  Oerm,,  contains  7  p.  c.  of  zinc.  Fredrieite  from  Sweden  has, 
besides  copper,  also  iron,  lead,  silver,  and  tin. 

Found  at  tbe  Cornish  mines,  particularly  at  Wheal  Jewel  in  Gwennap,  and  Wheal  Unity 
in  Gwinear :  at  Freiberff  (Kupferblende):  at  the  Wilhelmine  mine  in  tbe  Spessart:  Skuttenid, 
Norway.  Near  Central  City  and  elsewhere  in  Colorado.  At  Capelton,  Pr.  Quebec,  Canada. 
Named  after  tbe  chemist,  Smithson  Tennant  (1761-1815).     See  further  above. 


Jordanite.  4Pb8.AssSi.  Monoclinic;  often  pseudohexagonal  by  twinning.  G.  =  6  39. 
Color  lead-gray.     From  the  Binnenthal;  Nagy^g,  Transylvania. 

Meneghinite.  4PbS.SbtSs.  Ortborbombic.  In  slender  prismatic  crystals;  also  massive. 
G.  =  6  34-6-43.  Color  blackish  lead-gray.  From  Botthio,  Tuscany;  Marble  Lake,  Barrie 
ownship,  Ontario. 
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STBPHANITB.    Melanglanz  Q§rm.    Brittle  Silver  Ore. 
Orthorhombic.     Axes  &:l:t  =  0*6292  :  1  :  0-6851. 

633.  mm",  110  A  110  =  64"  21'        cd.  001  A  031  =  58*  52' 

etS,       001  A  101  =  47'  26'        eh,  001  A  112  =  32'  45' 
ek,       001  A  Oil  =  34°  25'       cP.  001  A  HI  =  52**    9' 

Crystals  usually  short  prismatic  or  tabular  ||  i   Twins : 
tw.   pl.    m,    often    repeated,   pseudo-hexagonal.     Also 
massive,  compact  and  disseminated. 
Cleavage :  J,  rf  imperfect.    Fracture  subconchoidal  to  uneven.    Brittle.    H. 
=  2-2*5.  G.  =  6*2-6*3.  Luster  metallic.   Color  and  streak  iron-black.  Opaque. 

Comp Ag.SbS,  or  5Ag,S.Sb,S,  =  Sulphur  16-3,  antimony  15-2,  silver  68*5 

=  100. 

Pyr. — In  the  closed  tube  decrepitates,  fuses,  and  after  long  heating  gives  a  faint 
sublimate  of  antimony  oxysulphide.  In  the  open  tube  fuses,  giving  off  autimonial  and 
sulphurous  fumes.  B.B.  on  charcoal  fuses  with  projection  of  small  particles,  coats  the  coal 
with  oxide  of  antimony,  which  after  long  blowing  is  colored  red  from  oxidized  silver,  and 
a  globule  of  metallic  silver  is  obtained.  Soluble  in  dilute  heated  nitric  acid,  sulphur  and 
antimony  trioxide  being  deposited. 

Obs.— In  veins,  with  other  silver  ores,  at  Freiberg,  Schneeberp,  etc.,  in  Saxony;  Piribram. 
Bohemia;  Schemnitz,  Hungary;  Andreasberg  in  the  Harz;  Kongsbcrg,  Norway;  Wheal 
Newton.  Cornwall;  Mexico;  Peru;  Chafiarcillo,  Chili. 

In  Nevada,  in  the  Comstock  lode,  Reese  river,  etc.  In  Idaho,  at  the  silver  mines  at 
Yankee  Pork.  Queen's  Uiver  district. 

Named  after  tlie  Archduke  Stephan,  Mining  Director  of  Austria. 

Oeocronite.  SPbS.SbsSt.  Rarely  in  orthorhombic  crystals;  usually  massive,  granular. 
G.  =  6'4.     Color  lead-gray.     From  Sala,  Sweden,  etc. 


Beegerite.     6PbS.Bia8a.    Massive,  indistinctly  crystallized.    G.  =  7-27.    Color  light  to 
dark  gmy.     From  Park  Co.,  Colorado. 

Kilbrickenite.     Perhaps  ePbS.SbsSa.     Massive.     G.  =  6*41.     Color  lead-gray.     From 
Kilbrickeu,  Co.  Clare,  Ireland. 


Polybasite  Group.     9RS,.As,S,,  ORSSb^S,.      Monoclinic,  pseudo- 

rhonibohedral. 

POLYBASITE.     Spr5dglaserz,  Eugenglanz  Germ. 

Monoclinic.  Axes  ii  :  t  : />.  =  1-7309  :  1  :  1-5796,  /?  =  90°  0'.  Prismatic 
angle  60°  2'.  In  short  six-sided  tabular  prisms,  with  beveled  edges;  c  faces  with 
triaiiirular  striations;  in  part  repeated  twins,  tw.  pl.  m. 

Cleavage  :  c  imperfect.  Fracture  uneven.  11.  =  2-3.  G.  =  6  0-6  2, 
Luster  metallic.  Color  iron-black,  in  thin  splinters  cherry-red.  Streak  black. 
Xearly  opaque. 

Comp.-Ag„SbS.  or  9Ag,S.Sb,S,  =  Sulphur  15-0,  antimony  9*4,  silver  75*6 
=  100.    Part  of  the  silver  is  replaced  by  copper;  also  the  arsenic  by  antimony. 

Pyr.,  etc. — In  the  open  tube  fuses,  gives  sulphurous  and  autimonial  fumes,  tlie  latter 
forming  a  white  sublimate,  sometimes  mixed  with  crystalline  arsenic  trioxide.  B.B.  fuses 
with  spirtini;  to  a  globule,  gives  off  sulphur  (sometimes  arsenic),  and  coats  the  roal  with 
antimony  trioxide;  with  long-continued  blowing  some  varieties  give  a  faint  yellowish-white 
coaling  of  zinc  oxide,  and  a  metallic  globule,  which  with  salt  of  phosphorus  reacts  for 
copper,  and  cupelled  with  lead  gives  pure  silver.     Decomposed  by  nitric  acid. 

Obs. — Occurs  in  the  mines  of  Guanajuato.  Mexico;  at  Tre-  Puntos.  desert  of  At?\cama; 
at  Freiberg  and  Pribram.  In  Nevada,  at  the  Reese  mines  and  at  tiie  Com^tock  Lode.  In 
Colorado,  at  the  Terrible  Lode,  Clear  Creek  Co.     In  Arizona,  at  the  Silver  King  mine. 
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Named  from  itoXt^S,  many,  and  fidaii,  bau,  in  allusion  to  the  basic  character  of  thfr 
compound. 

Pearceite.     9AgtS.AstSt.    Monoclinic,  pseudo-rhombohedral.   From  Aspen,  Colorado; 
Marysville,  Lewis  and  Clarke  Co.,  Montana. 


Polyargyrite.     12AgtS.SbtSt.    In  indistinct  isometric  crystals.     G.  =  6*97.     Color 
iron-black.    Wolfach,  Baden. 


II.  Sulpharsenates,  Sulphantimonates ;  Sulpho-stannates,  etc. 

Here  are  included  a  few  minerals,  chiefly  sulpho-salts  of  quantivalent 
arsenic  and  antimony;  also  several  sulpho-stannates  and  rare  sulpho-germau- 
ates. 

BNARGITE. 

Orthorhombic.     Axes:  d:h:6  =  0-8711  :  1  :  0-8248. 

Crystals  usually  small ;  prismatic  faces  vertically  striated.  Twins :  tw.  pL 
X  (320)  in  star-shaped  trillings.     Also  massive,  granular,  or  columnar. 

Cleavage:  m  perfect;  a,  b  distinct;  c  indistinct.  Fracture  uneven.  Brittle^ 
H.  =  3.  G.  =  4'43-4*45.  Luster  metallic.  Color  grayish  black  to  iron-black. 
Streak  grayish  black.     Opaque. 

Comp. — CUjAsS^  or  3Cu,S.As,S^  =  Sulphur  32*6,  arsenic  19-1,  copper  48  3 
=  100.     Antimony  is  often  present,  cf.  famatinite. 

Pyr. — In  the  closed  tube  decrepitates,  and  gives  a  sublimate  of  sulphur;  at  a  higher 
temperiturc  fuses,  and  ^ives  n  sublimate  of  sulphide  of  arsenic.  In  the  open  tube,  heated 
genily.  the  powdered  muienil  gives  off  sulphurous  aud  nrseuical  fumes,  the  latter  condensing 
to  H  sublimate  containing  some  antimony  oxide.  B.B.  on  charcoal  fuses,  and  gives  & 
faint  coating  of  the  oxides  of  arsenic,  antimony,  and  zinc;  the  roasted  mineral  with  the 
fluxes  gives  a  globule  of  metallic  copper.     Soluble  in  aqua  regia. 

Obs— From  Morococlia.  Cordilleras  of  Peru;  in  Chili  and  Argentina;  Mexico;  Matzen- 
k5pti.  Brixlogg,  Tyrol;  Mancayan.  island  of  Luzon. 

In  the  U.  h.,  at  Brewslei's  gold  mine,  Chesterfield  dist.,  8.  Carolina;  iu  Colomdo,  at 
mines  near  Central  City.  Gilpin  Co.;  in  Park  Co..  at  the  Missouri  mine,  etc.  In  southern 
Utah:  nlso  in  the  Tintic  district;  near  Butte.  Montana. 

Clarite.     Perhaps  identical  with  euargite.     From  the  Clara  mine,  Schapbach.  Baden. 

LuzoNiTE.  Composition  of  enargite,  but  supposed  to  differ  in  crystallization.  Massive. 
G.  =  4'4*3.     Color  steel-gra}'.     From  the  island  of  Luzon. 

Famatinite.  3CuaS.SbaS»,  i  omorphous  with  enargite.  G.  =  4*57.  Color  gray  with, 
tinge  of  copper-red.     From  the  Sierra  de  Famatina,  Argentina. 


Xanthoconite.— SAgaS.As^Ss.     In   thin  tabular  rhombohedral   crystals;  also  massive^ 
reniform.     G.  =  5.     Color  orange-yellow.     From  Fieiberg. 

Epiboulangerite. — SPbS.Sb^Ss.     In  striated  prismatic  needles  and  granular.     G.  =  6'3U 
Color  (lark  bluish  gray  to  black.     From  Altenberg. 

Epigenite. — Perhaps  4Cu^8.3Fe8.As,8ft.      In  short   prisms  resembling  arsenopyrite. 
Color  steel-gray.     From  Witticheu,  Baden. 


STANNTTB.     Tin  Pyrites.     Bell-metal  Ore.     Zinnkies  Germ. 

Isometric-tetrahedral.     Massive,  granular,  and  disseminated. 

Cleavage:  cubic,  indistinct.  Fracture  uneven.  Brittle.  H.  =  4.  G.  =  4*3- 
4-522;  4-506  Zinnwald.  Luster  metallic.  Streak  blackish.  Color  steel-gray 
to  iron-black,  the  former  when  pure;  sometimes  a  bluish  tarnish;  often  yellow- 
ish from  the  presence  of  chalcopyrite.     Opaque. 
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Comp. — A  sulpho-stannate  of  copper,  iron  and  sometimes  zinc,  Cu.FeSnS^ 
or  Cu.S.FeS.SnS,  =  Sulphur  29-9,  tin  27*5,  copper  29*5,  iron  13-1  =  100. 

P3rr.,  etc. — In  the  closed  tube  decrepitates,  and  gives  a  faint  sublimate;  in  the  open 
tube  sulphurous  fumes.  B.B.  on  charcoal  fuses  to  a  globule,  which  in  O  F.  gives  off 
sulphur,  and  coats  the  coal  with  tin  dioxide;  the  roasted  mineral  treated  with  borax  gives 
teactions  for  iron  and  copper.  Decomposed  by  nitric  acid,  affording  a  blue  solution,  with 
separation  of  sulphur  and  tin  dioxide. 

Obs.— Formerly  found  at  Wheal  Rock,  Cornwall;  and  at  Cam  Brea;  more  recently  in 
eruuite  at  8t.  Michael's  Mount;  also  at  Stenna  Qwynn,  etc.;  at  the  Cronebane  mine,  Co. 
J  Wicklow,  in  Ireland;  Ziunwald.  in  the  Erzgebirge.    From  the  Black  Hills,  So.  Dakota. 

Arg3rrodite.  A  silver  sulpho-germanate,  AgsGeSe  or  4Ag,8.GeS,.  Isometric,  crystals 
usually  indistinct;  also  massive,  compact.  H.  =  2*5.  G.  =  O'085-6*lll.  Luster  metallic. 
Color  steel-gray  on  a  fresh  fracture,  with  a  tinge  of  red  turning  to  violet.  From  the 
Himmelsftirst  mine,  Freiberg,  Saxony. 

Oanfieldite.  AgsSnSe  or  4Ag,S.SnS,,  the  tin  in  part  replaced  by  germanium.  Isometric, 
perhaps  tetrahedral;  in  octahedrons  with  (2(110).  G.  =  6*28.  Luster  metallic.  Color  black. 
La  Paz,  Bolivia. 

Franckeite.  Perhaps  PhsSbsSntSit,  Groth.  Massive.  G.  =  5*55.  Color  blackish 
gray  to  black.    Bolivia. 

OyUndrlte.  Kylindrite.  Perhaps  Pb.SbiSn.8,i.  Groth.  H.  =  2-5-8.  G.  =  5*42. 
Luster  metallic.    Color  blackish  lead-gray.    Poop6»  Bolivia. 
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nr.  HALOmS.— CHLORIDES,  BROMIDES,  IODIDES; 

FLUORIDES. 

I.  Anhydrous  Chlorides,  Bromides,  Iodides;  Fluorides, 
n.  Ozychlorides ;  Ozyfluorides. 
III.  Hydrous  Chlorides ;  Hydrous  Fluorides. 

The  Fourth  Class  includes  the  haloids,  that  is,  the  compounds  with  the 
halogen  elements,  chlorine,  bromine,  iodine,  and  also  the  less  closely  related 
fluorine. 


I.  Anhydrous  Chlorides,  Bromides,  Iodides ;  Fluorides. 

OALOMBL.     Horn  Quicksilver.     Cblorquecksilber,  Quecksilberhornerz  Otrm. 

Tetragonal.  Axis  i  =  1-7229;  001  A  101  =  59°  52'.  Crystals  sometimes 
tabular  ||  c;  also  pyramidal;  often  highly  complex. 

Cleavage:  a  rather  distinct;  also  r(lU).  Fracture  conchoidal.  Sectile. 
H.  =  1-2.  G.  =  6*482  Haid.  Luster  adamantine.  Color  white,  yellowish 
gray,  or  ash-gray,  also  grayish,  and  yellowish  white,  brown.  Streak  pale 
yellowish  white.     Translucent — subtranslucent.     Optically  +. 

Comp.— Mercurous  chloride,  Hg^Cl,  =  Chlorine  15*1,  mercury  84*9  =  100. 

P3rr..  etc.— In  the  closed  tube  volatilizes  without  fusion,  condensing  in  the  cold  part  of 
the  tube  as  a  white  sublimate;  with  sodii  gives  a  sublimate  of  metnllic  mercury.  B.B.  oq 
charcoal  volatilizes,  coating  the  coal  while.  Insoluble  in  water,  but  dissolved  by  aqua  regia; 
blackens  when  treated  witii  alkalies. 

Obs. — Usually  associated  with  cinnabar.  Thus  at  Moschellandsberpr  In  the  Palatinate; 
at  Idria  in  Caniiola;  Almaden  in  Spain:  at  Mt.  Avala  near  Beltrrade  in  Servia. 

Calomel  is  an  old  term  of  uncertain  origin  and  meaning,  perhaps  from  KaXo?,  beautiful, 
and  fi^Xt,  honey,  the  taste  being  sweet,  and  the  compound  the  Mereuriui  dulcis  of  early 
chemistry;  or  from  K'aAo?  and  ueXai,  black, 

Nantokite.  Cuprous  chloride,  Cu,CL.  Granular,  massive.  Cleavage  cubic.  H.  =  S- 
2*5.  O.  =  3-98.  Luster  adamantine.  Colorless  to  white  or  grayish.  From  Nantoko, 
Chili;  New  South  Wales. 

Manhite.  Cuprous  Iodide,  Cusl«.  Isometric-tetrahedral.  Color  oil-brown.  Broken 
Hill  mines,  New  South  Wales. 


Halite  Group. 

RCl.  RBr,  RI. 

Isometric. 

HaUte 

NaCl 

Embolite 

Ag(Cl,Br) 

Sylvite 

KCl 

Bromyrite 

AsjBr 

Sal  Ammoniao 

(NHJCl 

lodobromite 

Ag(Cl.Br,I) 

Cerargyrite 

AgCl 

Mienite 

Agl 

The  Halite  Group  includes  the  halogen  com  pounds  of  the  closely  related 
metals,  sodium,  potassium,  and  silver,  also  ammonium  (NHJ.  They  crystallize 
in  the  isometric  system,  the  cubic  form  being  the  most  common.  Sylvite  and 
sal-ammoniac  are  plagihedral,  and  the  same  may  be  true  of  the  others. 


DnCBIPnVB  UISEBALOGT. 

CoHMOii  OT  Rock  Salt.    StelnialK,  Bergwls  Oerm. 
leotnetric.    Usuallj  in  cubei;  crystals  sometimeB  distorted,  or  with  cavem- 
834.  ons  faces.     Also   massiTe,  graniilar  to  compact^    len 

often  colamnar. 
^--  r^-1  Cleavage:    cabic,    perfect.      Fracture    conchoidal. 

-  BatLer  brittle.  H.  =  2-5.  G.  =  21-2-6;  pure  crystals 
S'135.  Luster  ritreous.  Colorless  or  white,  also  yellow- 
I  ish,  reddish,  bluish,  purplish.  Transpareut  to  traiisln- 
||  coot  Soluble;  taste  saline.  Refractive  index  15448 
I  Na.  Highly  diatbermanous. 
Jj         CoHp.— Sodium    chloride,    KaCl  =  Chlorine    39'4, 

iLkl 'Lx'       "odinm   60-6  =  100.     Commonly  mixed   with  calcium 

sulphate,  calcium  chloride,  magnesium  chloride,  and 
sometimes  magnesium  sulphate,  which  render  it  liable  to  deliquesce, 

Pyr.,  cto.— In  tbe  clewed  tube  fnsea,  often  with  decrepllatiou;  when  fuiei]  on  (be 
plktlnum  wire  colon  ibe  flams  deep  yellow.  Added  to  ■  mU  of  plioapburua  bead  wbldi 
£u  been  lalunted  with  oxide  of  copper.  It  culon  tbe  flume  a  deep  a^urc-blue.  DUeolves 
readllv  In  tbree  p»TtB  of  water. 

Dut— DIaliiiguUbed  by  Its  lolubilltr  (taite).  wIloeM,  perfect  cubic  clenngc. 
Ob*. — Common  Mit  occurs  In  ezieuaive  but  Inegular  beds  in  rocka  of  variotu  tgn, 
«MocIsted  wltb  KTpeum,  polyhaliie,  anbvdrite.  canialTlte,  city,  nodftoue,  and  calelte;  alio 
in  SoluUoD  forming  mU  qirlngi;  ilmllarly  in  tbe  waler  of  tbe  ocean  and  aalt  aeaa. 

Tbe  prlndpal  nit  mines  of  Burope  are  at  BtaiafuTi,  near  Hagdeburc:  Wlellczka.  Id 
"^land;  at  Hall,  In  lyrol;  and  along  tlie  nuige  Ibruugb  Helchenlhal  in  Bavaria,  Halleia 
In  Balxburg,  Halbtalt,  Iscbl,  and  Ebeneee.  In  Upper  Austria,  and  Aiiwee  In  Styria;  lu 


Swltserland;  and  Hortliwlch  In  Cbesblre,  Gocland.  At  tbe  Austrian  miues,  wliere  it  con- 
Mu  mucb  clay,  the  salt  ia  dlMoWed  In  Urge  cbamben,  and  Ibe  clay  tbua  precipitated. 
After  a  time  tbe  water,  Mtarated  with  the  lalt.  Ii  conTned  )iy  nquitfucts  to  evaporating 


bamben.  after  being  deiired  out,  are  again  _    . 

rs.  forming  Lilla  and  coverine  eiteniled  plains,  near  Lalie  Urumlo,  tlie 
Caapian  Sea,  eic.  In  Algeria;  In  AbyMlnla.  In  Inilin  In  enormous  cicposilx  In  tbe  Salt 
Itant;e  of  tlie  Punjab.  In  Cblna  and  Astatic  Riiaata;  In  Soiitli  Amcricn,  in  Peru,  and  at 
Zipaquera  and  Nemocon,  the  former  a  laree  mine  lon^  explored  In  tbe  CiiriliDeras  of  U.  8. 
of  Colombia;  cle>ir  anlt  la  obtained  from  tlie  Cerro  de  Sal.  San  Dominj^o. 

Tn  tbe  United  States,  aalt  baa  been  fiiund  lu  large  iimouut  in  ceniml  and  western  New 
Tork.  Salt  wella  bait  long  been  workeil  in  tbls  region,  but  rock  aalt  is  now  known  to  exial 
over  a  large  nrea  from  Itbacu  nt  Ibe  bend  of  Cayucn  Lake,  Tompkins  Co..  and  Canariiiaigiia 
I*ke,  Ontario  Co..  Ibroiiifb  Livingston  Co.,  also  Genesee.  Wyoming,  and  Erie  Cos.  Tbe 
■alt  is  found  in  betis  wiib  an  nverace  thickness  of  TS  feet,  but  aonietinies  much  thicker,  and 
at  varying  depths  from  1000  to  2000  feet  and  mor«:  tbe  deplh  Increases  souibwanl  with  the 
dip  of  the  slrala.  Tbe  rocks  belong  to  tlie  Sallna  period  of  tbe  Upper  Silurian  Salt  hni 
aleo  been  found  near  Cleveland.  Obln.  associated  wiib  cypsum;  in  Wnshington  Co..  Weet 
Virginia,  in  the  Holnton  and  Ennawba  valleys:  in  Kansas:  at  Pctlle  Anse.  Louiviim'  : 
along  thi'  Rio  Virgin  in  Lincoln  Co..  Nevada,  In  extensive  beds  of  great  pnrity:  in  XJlah. 
ncarNe|>bi.  Jniih  Co.,  and  Salina,  Sevier  Co.;  in  Ari7x>na,  on  tbe  Rio  Verde,  with  Iheiianl- 
Ite,  etc.;  in  (iFillfomta,  San  Diego  Co. 

Briue  -pringK  are  very  numerous  in  the  Hiildle  and  Wpstem  States.  Vast  lakes  of  will 
water  exist  In  many  part"  of  the  world,  Tbe  Great  Sail  Lake  In  Uliib  Is  2.000 square  mile« 
in  area:  L.  Gale  found  In  this  water  20'1B6  per  cent,  of  sodium  chloride.  Tlie  Dead  and 
Caspian  seas  are  salt,  ai3d  the  waters  of  the  former  contain  20  to  26  parts  of  solid  matter  In 
100  parts.     Sodium  chloride  is  tbe  prominent  salt  present  in  tbe  ocean. 

Hiuuitalayit«.  20NaCl  +  AgCI.  In  cubic  crystals  and  aa  an  IncnistatioD.  H.  =  2, 
not  aectile.     Color  wblte.     From  Huantajnya,  Tarapaca,  Chill. 

STIiVTTE. 

Isometric^plagihedral.     Also  in  granular  crystalline  masses  ;  compact. 
Cleavage :  cubic,  perfect.    Fracture  uneven.    Brittle.    H.  =  2.  G.  =  1'97- 


HALOIDS.— CHLORIDES,    BROMIDES,   IODIDES;    FLUORIDES.  319 

1*99.   Luster  vitreous.  Colorless,  white,  bluish  or  yellowish  red  from  inclusions. 
Soluble  ;  taste  resembling  that  of  common  salt,  but  bitter. 

Comp. — Potassium  chloride,  KCl  =  Chlorine  47*6,  potassium  52*4  =  100. 
Sometimes  contains  sodium  chloride. 

Pyr.,  etc. — B.B.  in  the  platinum  loop  fuses,  and  gives  a  violet  color  to  the  outer 
flame.  Dissolves  completely  in  water.  Heated  with  sulphuric  acid  gives  off  hydrochloric 
acid  gas. 

Ob«.— Occurs  at  Vesuvius,  about  the  fumaroles  of  the  volcano.  Also  at  Stassfurt;  at 
Leopoldshall  {ieapolditey,  at  Kalusz  in  Galicia. 

Sal  Ammoniac.  Ammonium  chloride,  NH4CI.  Observed  as  a  white  incrustation 
about  volcanoes,  as  at  £)tna,  Vesuvius,  etc. 

OBRAROTRTTB.    Silberhornerz,  Homsilber  Germ.     Horn  Silver. 

Isometric.  Habit  cubic.  Twins:  tw.  pi.  0.  Usually  massive  and  resem- 
bling wax;  sometimes  columnar;  often  in  crusts. 

Cleavage  none.  Fracture  somewhat  conchoidal.  Highly  sectile.  H.  = 
1-1'5.  G.  =  5*552.  Luster  resinous  to  adamantine.  Color  pearl-gray, 
ffrayish  green,  whitish  to  colorless,  rarely  violet-blue ;  on  exposure  to  the 
light  turns  violet-brown.  Transparent  to  translucent.  Index,  w.  =  20611 
Na. 

Comp — Silver  chloride  =  Chlorine  24-T,  silver  75-3  =  100.  Some  varieties 
contain  mercury. 

Pyr.,  etc. — In  the  closed  tube  fuses  without  decomposition.  B.B.  on  charcoal  gives  a 
globule  of  metallic  silver.  Added  to  a  l>ead  of  salt  of  phosphorus,  previously  saturated 
with  oxide  of  copper  and  heated  in  O.F.,  imparts  an  intense  azure  blue  to  the  flame. 
Insoluble  in  nitric  acid,  but  soluble  in  ammonia. 

Obs.— Occurs  in  veins  of  clay  slate,  accompanying  other  ores  of  silver,  and  usually 
only  in  the  higher  parts  of  these  veins.  It  has  also  been  observed  with  oclierous  varieties 
of  brown  iron  ore:  also  with  several  copper  ores,  cnlcite,  barite,  etc.;  upon  stibiconite. 

The  largest  masses  are  brought  from  Peru,  Chili,  and  Mexico,  where  it  occurs  with 
native  silver.  Also  once  obtained  from  Johanngeorgenstadt  and  Freiberg:  Andreasberg 
<eartliy  var..  Bnttfrmilehert);  occurs  in  the  Altai:  at  Kongsberg  in  Norway:  in  Alsace. 

In  the  U.  S..  in  Colorado,  near  Leadville,  Lake  Co.;  near  Breckenridge  Summit  Co., 
and  elsewhere.  In  Nevada  near  Austin,  Lander  Co.;  at  mines  of  Comstock  lode.  In 
Idaho,  at  the  Poorman  mine,  in  crystals;  also  at  various  other  mines.  In  Utah,  in  Beaver, 
Summit  and  Salt  Lake  counties. 

Named  from  K^pai,  horn,  and  ixpyvpo^,  »ilf>er. 

Bmbolite.  Silver  chloro-bromide.  Ag(Br.Cl),  the  ratio  of  chlorine  to  bromine  varying 
widely.  Usunlly  massive.  Resembles  cerargyrite,  but  color  grayish  green  to  yellowish 
green  and  yellow.     Abundant  in  Chili,  less  so  elsewhere. 

Brom3rrite.  Silver  bromide,  AeBr.  G.  =  5 '8-6.  Color  bright  yellow  to  amber-yellow; 
slightly  greenish.     From  Mexico:  Chili:  Huelgoet  in  Brittany. 

lodobromite.  2A.c:C1.2AKBr.AgL  Isometric;  0  with  a.  G.  =  5'713.  Color  sulphur- 
yellow,  greenish.    From  near  Dernbach,  Nassau. 

Mieraite.  Silver  iodide,  Agl,  crystallizing  in  the  isometric  system  :  probably  tetrahedral 
like  marshite  (p.  317).  In  bright  yellow  crystals  from  the  Broken  Hill  Silver  Mines,  New 
Bouth  Wales. 

Onproiodargvrite.  A  copper-silver  iodide,  occurring  as  a  sulphur-yellow  incrustation 
at  Huantajaya,  Peru. 

lodyrite.  Silver  iodide,  Agl.  Hezagonal-hemimorphic  (Fig.  211,  p.  71);  usually  in 
thin  plates  ;  pale  yellow  or  green.  G.  =  5'6-5*7.  From  Mexico,  Chili,  etc.  Lake  Valley. 
Sierra  Co.,  New  Mexico. 
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Fluorite  Group.     KF„KCV 


The  speoieB  here  included  are  Fluorite,  CaF„  and  the  rare  Hydrophilite, 
CaC'l,.     Both  are  isometric,  habit  cubic. 

FTiUOBTTB  or  Fi.DOB  Spar.    Flusnpath  Oerm, 


Isometric.  Habit  cubic;  leas  frequently  octahedral  or  dodecnhedral ; 
forms/(310).  e(2IO)  (fluoroids)  common;  alBO  the  vicinal  form  C(32-10?), 
producing  striatiotis  on  a  (Fig,  640);  hexoctahedron  ((421)  iilao  common 
with  the  cube  (Fig.  639).  Cubic  crystala  sometimes  grouped  in  purallel 
position,  thus  forming  a  pseudo-octahedron.  Twins :  tw,  pi,  o,  commonly  " 
penetration- twins  (Fig.  640).  Also  massive;  graiiulur,  coarse  or  fine;  rarely 
columnar;  compact. 

CleiivaML  0  perfect.  Fracture  fliit-conchoielal;  of  compact  kinds  splintery. 
Brittle.  II.  =  4.  G.  =  3-01-3'35;  3'18crysfc.  Luster  vitreous.  Color  white, 
yellow,  green,  rose-  and  crimson-red,  violet-blue,  aky-blue,  and  brown;  wine- 
yellow,  greenish  blue,  violet-blue,  most  common ;  red,  rare.  Streak  white. 
Transparent— 811  btrunslu cent.  Sometimes  shows  a  bluish  fluorei^cence.  Phos- 
phoreaces  when  heated  (p.  191).     Refractive  index:   ti,  =  1*4:13!>  Na. 

Comp.~Caicium  fluoride,  CaF^  =  Fluorine  48'9,  calcium  5M  =100. 
Chlorine  is  sometimes  present  in  minute  quantities. 

Var. — 1.  Onlitiary;  (ii)  cleavable  or  crystal  I  iztd,  very  vjirious  hi  colors;  (6)  fibrous  to 
coliimimr,  astliuDcrbysbiru  blue  jolin  used  for  vasei:  mid  oiher  orDninenra:  (e)  course  lo  fine 
granular;  ('/|  enrtby,  dull,  mid  sometimfB  very  soft.  Cldorophant  yielils  a  green  pbos- 
pb.irosceiil  llgbl. 

Pyr.,  etc. — In  the  closed  lube  decreiiilales  nnd  pbnsphoTesces.  B.6.  in  tbe  forceps  nnd 
on  cbnrcual  fuses,  coloring  tlie  flnine  red,  to  an  enamel  wliicb  reacts  niknilue  on  test  paper. 
Fused  in  an  open  tube  with  fused  salt  of  phosplinrus  ^Ivei  tbe  reaction  for  fluorine. 
Treated  with  sulphuric  acid  elves  fnmcs  of  hydiofluoiic  acid  which  etch  class. 

Diff.— Distinguished  by  lis  crystalline  form,  oclabedral  cicitvage.  retail  re  softness  (as 
compored  wilb  certain  precious  stones,  ulso  wilh  the  feldspars);  etchitigpower  when  treated 
with  sulphuric  acid.     Uoes  not  effervesce  wilh  arid  like  calelte. 

Obs.— Sometimi'S  in  bed?,  but  generally  in  veins,  in  gneiss,  mica  slate,  clay  sTnte,  and 
also  In  limestones,  bnlli  crjslalllne  and  uncrjstalllae.  and  sandsloiies.  Often  occurs  as  the 
rangue  of  metallic  ores,  especially  of  lead.  In  the  North  of  England,  It  Is  the  gnngue  of 
the  li'ad  vtlns.  which  inlenect  the  coal  formation  In  Northumberland.  CumbeTland. 
Durham,  and  Yorkshire,  In  Derbyshire  it  is  abundant,  nnil  also  In  Cornwall,  where  the 
veins  Interserl  metamorphlc  rocks.  The  Ciimberlnnd  and  Derbyshire  localities  especially 
have  aSorded  magnificent  specimens.    Common  Id  the  mining  district  of  Saxouy;  flue  near 
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EoDgsberg  in  Norway.    In  the  dolomites  of  St.  Gotbard  occurs  in  piok  octabcdronff. 
Rarely  in  volcauic  regions,  as  in  tbe  Yesuvian  lava. 

Some  localities  in  tbe  U.  S.  are,  Trumbull,  Conn,  {chlorapliane)-,  Muscolouge  Lake, 
Jefferson  Co.,  N.  Y.,  and  Macouib.  St.  Lawrence  Co.,  both  iu  very  large  sea-green  cubes; 
Frauklin  Furuace,  N.  J.;  Amelia  Court  House,  Ya,;  Gallatin  Co.,  111.;  St.  Louis,  Mo. 

Hydrophilite.  Cblorocalcite.  Calcium  chloride,  CaCla.  In  white  cubic  crystals  or 
as  au  incrustation  at  Yesuvius. 


The  following  are  from  Yesuvius:  Ohloromagnesite,  MgCU  ;  Bcacchite,  MnCl* ; 
ChloraUuminite,  AlClt  +  a;H,0;  Molirsite,  FeCU. 

Sellaite.     Magnesium  fluoride,   MgF<.       In   prismatic  tetragonal  crystals.     H.  =  5. 
G.  =  2&7-3*15.    Colorless.    From  tbe  moraine  of  the  Gebroulaz  glacier  in  Savoy. 
Lawrencite.    Ferrous  chloride,  FeCl«.     Occurs  in  meteoric  iron. 

Cotunnite.  Lead  chloride,  PbCls.  In  acicular  crystals  (ortborhombic)  and  in  semi* 
crystalline  masses.  Soft.  G*  =  5*24.  Color  while,  yellowish.  From  Vesuvius;  also 
Turapuca,  Chili. 

Tysonite.  Fluoride  of  tbe  cerium  metals,  (Ce,La,Di)Ft.  In  thick  hexagonal  prisms,  and 
massive.  Cleavage :  c  perfect.  H.  =4*5-5.  G.  =  6*13.  Color  pale  wax-yellow,  changing 
to  yellowish  and  reddish  brown.     From  the  granite  of  Pike's  Peak,  £1  Paso  Co.,  Colorado. 


ORTOLITB.    Eisstein  Qerm. 
Monoclinic.    Axes  «  :  J  :  (5  =  0-9663  :  1  :  1-3882  ;  /?  =  89°  49'. 

mm"\  110  A  110  =  88'    2'.  ck,  001  A  101  =  55'  17'.  ^^^' 

cm,      001  A  110  =  89"  52'.  cr,  001  A  Oil  =  54"  14'. 

en,       001  A  101  =  55"    2'.  cp,  001  A  HI  =  63"  18'. 
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Crystals  often  cubic  in  aspect  and  grouped  in  parallel 
position ;  often  with  twin  lamellae.     Massive,  cleavable. 

Cleavage:  c  most  perfect,  also  m,  ^  (lOl)  somewhat 
less  so.  Fracture  uneven.  Brittle.  H.  =  2*5.  G.  = 
2*95-3 '0.  Luster  vitreous  to  greasy;  somewhat  pearly 
on  c.  Colorless  to  snow-white,  sometimes  reddish  or 
brownish  to  brick-red  or  even  black.     Transparent  to  translucent. 

Comp. — A  fluoride  of  sodium  and  aluminium,  Na,AlF,  or  3NaF.AlF,  = 
Fluorine  54*4,  aluminium  12*8,  sodium  32*8  =  100.  A  little  iron  sesquioxide 
is  sometimes  present  as  impurity. 

Pyr.,  etc. — Fusible  in  small  fragments  in  the  flame  of  a  candle.  B.B.  in  the  open  tube 
heated  so  that  the  flume  enters  the  tube  gives  off  hydrofluoric  acid,  etching  tbe  glass.  In 
the  forceps  fuses  very  easily,  coloring  the  flame  yellow.  On  charcoal  fuses  easily  to  a  clear 
bead,  w^hich  on  cooling  becomes  (»paque;  after  long  blowing,  ihe  assay  spreads  out,  ibe 
fluoride  of  sodium  is  absorbed  by  the  coal,  a  suffocating  odor  of  fluorine  is  given  off,  and  a 
crust  of  alumina  remains,  whicli.  when  heated  with  cobalt  solution  iu  OF.,  gives  a  blue 
color.     Soluble  iu  sulphuric  acid,  with  evolution  of  hydrofluoric  acid. 

Diff.— Distill jruislied  by  its  extreme  fusibility,  and  its  yielding  hydrofluoric  acid  in  the 
open  tube.     Also  I»y  its  cleavages  (resembling  cubic  cleavage)  and  softness. 

Obs. — Occurs  iu  a  bay  in  Arksukfiord,  in  West  Greenland,  at  Iviirtut  (or  Evigtok), 
about  12  m.  from  the  Danish  settlement  of  Arksuk.  where  it  constitutes  a  laree  bed  in 
a  granitic  vein  in  a  gray  gneiss.  Cryolite  and  its  alteration  products,  pachuolite.  thorn- 
senolite,  prosopite,  etc.,  also  occur  in  limited  quantity  at  the  southern  base  of  Pike's 
Peak,  El  Paso  county,  Colorado,  north  and  west  of  Saint  Peter's  Dome. 

Named  from  k^iJuS,  frost,  AiOo?,  stone,  hence  meaning  ice-stone,  in  allu&ion  to  the 
translucency  of  the  white  cleavage  masses. 

Ohiolite.  5NaF.3AlPa.  In  small  pyramidal  crystals  (tetragonal);  also  massive  granu- 
lar. H.  =3'5-4.  G.  =  2 •84-2- 90.  Color  snow-white.  From  near  Minsk  in  the  Ilnien 
Mts. ;  also  with  the  Greenland  cryolite. 

Hieratite.  A  fluoride  of  potassium  and  silicon.  In  grayish  stalactitic  concretions; 
Isometric.    From  the  fumaroles  of  the  crater  of  Vulcano. 
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n.    Oxyohloildei,  Ozyflnorldei. 

ATACAMTTB. 

Ortborhombic    Azee  d:i:i  =  0-6613  : 1 :  0-7515. 
*i^  mm",  110  A  110  =  66'  67.  rr"'.  111  A  lil  =  B*  48*. 

^i^^S  e/.  Oil  A  Oil  =  78'  61'.  «r,  110  A  111  =  88*  lOJ'. 

Commonly  in  slender  priBmatic  crystalB,  verticallj  striated.  In 
coufueed  crystalline  aggregates;  also  mafisive,  fibrous  or  granular  to 
compact;  as  sand. 

Clearage:  ft  high  1;  perfect.  Fracture  conchoidal.  Brittle.  H. 
=  .3-3'5.  G.  =  3'75-3'77.  Luster  adamantine  to  vitreous.  Color 
briglit  green  of  various  shades,  dark  emerald -green  to  blackish  green. 
Streak  apple-green.     Tntusparent  to  translucent, 

CoMp.— Cu.ClH.O,  or  CaCl,.3Cu{0H),=  Chlorine  16-6,  copper 
14-9,  ciijiric  oxide  55-8,  water  13-7  =  100. 

Pyr,,  Bto.— In  Ibe  closed  tube  givea  off  niucli  nater.  and  forms  a  my  aubllmate.  B.B. 
on  cliarciiKl  fuses,  coloring  llie  O.F,  azure- blue,  with  a  green  edge,  ana  giving  two  costlnn, 
oce  browniali  and  the  otbtr  grayish  wblle;  coutiuued  blowing  yields  a  globule  of  metanic 
copper;  Clie  coatlugt,  touched  wiili  tlie  R.F.,  volatilize,  coloring  the  flatnu  azure-blue.  In 
acids  euily  soluble 

Oba. — Orlglniillf  from  Atacams  In  the  northern  part  of  Chili:  alto  found  elsewhere  la 
Chili  and  Bolivia:  wfih  malachiie  at  Wallaroo  In  8.  Australia;  at  Bt.  Just  in  Cornwall.  la 
the  U.  8.,  with  cuprite,  etc.,  ut  the  United  Verde  mine,  Jerome,  Arizona. 

ParoyUta.  A  lead-Copper  oiychiorlde,  perhaps  PbCuOiHiCl>.  In  sky-blue  cubes.  ITrotn 
Sooora,  Mezico;  Atacama;  B  ilitrla,  etc.  BoUUt  from  Bolec,  near  Santa  Rosnlia,  Lower 
California,  la  a  percyiite  containing  a  little  diver.  OaTnengiie  Is  the  same  In  cryitals  spear- 
ing to  be  tetragonal. 

MaUooUta.  Lead  oxycbloride,  Pb.OC),.  Id  Ubular  tetragonal  crystela.  O.  =a  7-91. 
Luster  adarnHnline  (o  penrly.  Color  yellowish  or  slightly  greentsh.  From  Cromford,  near 
3fiitlouk,  DerbyHbire. 

Mendipite.  Pb.OCI,  or  Pl)C1..2PbO.  In  fibrous  or  columnar  masses;  often  radiated. 
H,  =  3-5-8.  G.  =  7-71.  Color  white.  From  the  Hendip  Hiila,  BomersoUhire,  England; 
nearUrilou,  Westphalia. 

Laorionlto.  PbCIOH  or  PbCI,  Pb(OH),.  In  minule  prismatic  colorless  cryRlals  (ortbo- 
rhombic),  in  ancienl  lead  slags  nt  Lfturinn.  Greece.  Fiedleiits,  associated  with  laurioulte, 
is  probably  alaii  a  lead  onycliloride;   iu  colorless  monoclinic  crystals. 

Ponfioldlto,     PbiOCI,  orPbO.aPbCI,.    I u  while  beiagonal  crystals.    Lau Hon,  Greece. 

Davieaita.  A  lead  oxychloricie  of  uncertain  composlllon.  In  minute  colorless  prismatic 
«ryst.ils  (orlhorhomblc),  from  Ilie  Mlna  Beatrii.  Sierra  Gorda.  Atacama. 

Schwartzsmbcrglta.  Probably  Pl.(I,Cl)..2PbO.  In  druses  of  small  cryslals:  also  in 
«rmis,     G,  =  63.     Color  honey-yellow.     Desert  of  Atacama. 

Pluooerita.  {Ce.La.Di),OP.,  Heiagonal.  H.  =  4.  G.  =  5-7-5-9.  Color  reddlsb 
yellow.     From  Oslerby  in  Diilarne,  Sweden.  t 

Nooerite.  Perhaps  3(Ca,Mg)F,(Ca.Mg)0{7).  In  white  hexagonal  aclcular  crystals  from 
bombs  in  the  tufa  of  Nocera,  Italy. 

Daubraaita.    An  earthy  yellowish  oxychloride  of  bismuth.    From  Bolivia. 
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in.  Hydrous  Chlorides,  Hydrous  Fluorides,  etc. 

OARNALLITZ3. 

Orthorhombic.     Crystals  rare.     Commonly  massive,  granular. 

No  distinct  cleavage.  Fracture  conchoidal.  Brittle.  H.  =  1.  G.  =  1*60. 
Luster  shining,  greasy.  Color  milk-white,  often  reddish.  Transparent  to 
translucent.     Strongly  phosphorescent.     Taste  bitter.     Deliquescent. 

Comp.— KMgCl,.6H,0  or  KCl.MgCl,  +  6H,0  =  Chlorine  38*3,  potassium 
14  1,  magnesium  8*7,  water  39*0  =  100. 

Obs.— Occurs  ut  Stossfurt,  in  beds,  aUernatiug  with  thinner  beds  of  common  sail  and 
kieserite. 

DouGLASiTE,  associated  with  camallite,  is  said  to  be  8KCl.FeCl8.2H,0. 

Bischofite.    MgCl,  +  6H,0.    Crystalline-granular;  colorless  to  white.    From  Leopolds- 
ball,  Prussin. 

Kremersite.     KCl^NHiCl.FeCl,  +  H,0.     In  red  octahedrons.     From  Vesuvius. 

Er3rthrosiderite.     2KCl.FeCli.H,0.     In  red  tabular  crystals.     Vesuvius. 

Tachhydrite.      CaCl,.2MgCl,  +  12H,0.      In  wax-  to   honey-yellow  masses.      From 

Stassfurl. 


Fluellite.  AlFs  +  H3O.  In  colorless  or  white  rhombic  pyramids.  From  Stenna  Gwyn, 
Cornwall. 

Prosopite.  CaF,.2Al(F.0H)i.  In  monoclinic  crystals,  or  granular  massive.  H.  =  4*5. 
O.  =  2-88.  Colorless  white,  grayish.  From  Altenberg,  Baxony;  St.  Peter's  Dome  near 
Pike's  Peak,  Colorado. 

Pachnolite  and  Thomsenolite.  occurring  with  cryolite  in  Qreenland  and  Colorado,  have 
the  same  composition,  NaF.CaF,.AlF8  +  H,0.  Both  occur  in  monoclinic  prismatic 
crystals;  prismatic  angle  for  pachnolite,  98"  86',  crystals  twins,  orthorhombic  in  aspect.  For 
thomsenolite,  89**  46',  crystals  often  resembling  cubes  (m,  e),  also  prismatic;  distinguished 
by  its  basal  cleavage;  also  massive. 

OoarksuUte.     CaF,.Al(F,0H)8.H,0.    Earthy,  clay-like.    Occurs  with  cryolite. 

Ralstonite.  (Na„Mg)F,.8Al(F,OH)i.2H,0.  In  colorless  to  white,  isometric,  octa- 
hedrons.    H.  =  4-5.     G.  =  2*66-2-62.    With  the  Greenland  cryolite. 

Tallingite.  A  hydrated  copper  chloride  from  the  Botallack  mine,  Cornwall;  in  blue 
globular  crusts. 

Footeite.  A  hydrous  oxychloride  of  copper  occurring  in  deep  blue  prismatic  crystaU 
(monoclinic)  at  the  Copper  Queen  mine,  Bisbee,  Arizona. 

Tttrocerite.  (T,Er,Ce)Ft.5CaF,.H,0.  Massive-cleavable  to  granular  and  earthy. 
H.  =  4-5.  G.  =  8*4.  Color  Tiolet-blue,  gray,  reddish  brown.  From  near  Falun. 
Sweden,  etc. 
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V.  OXIDES. 

L  Oxides  of  Silicon, 
n.  Oxides  of  the  Semi-Metals :  Telluriunii  Arsenic,  Antimony, 
Bismuth ;  also  Molybdenum,  Tungsten. 
III.  Oxides  of  the  Metals. 

The  Fifth  Class^  that  of  the  Oxides,  is  subdivided  into  three  sections, 
according  to  the  positive  element  present.  The  oxides  of  the  non-metal 
silicon  are  placed  by  themselves,  but  it  will  be  noted  that  the  compounds  of 
the  related  element  titanium  are  included  with  those  of  the  metals  proper. 
This  last  is  made  necessary  by  the  fact  that  in  one  of  its  forms  TiO,  is 
isomorphous  with  MnO,  and  PbO,. 

A  series  of  oxygen  compounds  which  are  properly  to  be  viewed  as  salts, 
e.g.y  the  species  of  the  Spinel  Group  and  a  few  others,  are  for  convenience  also 
included  in  this  class. 


I.  Oxides  of  Silicon. 


QUARTZ. 

Ehombohedral-trapezohedral.    Axis:  6  =-•  1  09997. 


643. 


rr',  lOil  A  1101  =  86''  46'. 
r«,  1011  A  0111  =  46°  16'. 
wr,  1010  A  1011  =  88*  18*. 

644. 


646. 


mz,  1010  A  Olil 
fn«,  lOiO  A  1121 
mx,  1010  A  5161 

646. 


66"  5^. 

37"  58'. 
12''    1'. 


647. 


648. 


649. 


Crystals  commonly    prismatic,   with   the   m    faces   horizontally   striated; 

terminated  either  by  both  rhombohedrons,  or 
by  one  only;  the  predominating  rhombo- 
hedron  is  in  almost  all  cases  r  (1011).  Often 
in  double  six-sided  pyramids  or  qnartzoids 
through  the  equal  development  of  ;•  and  z; 
when  r  is  relatively  large  the  form  then  lias 
a  cubic  aspect  (r;*'  =  85°  4G').  Crystals  fre- 
quently distorted,  when  the  correct  orienta- 
tion nuiy  be  obscure  except  as  shown  by  the 
striations  on  m.  Crystals  often  elongated  to 
acicular  forms,  and  tapering  through  the 
oscillatory  combination  of  successive  rhombo- 
hedrons  with  the  prism.  Occasionally  twisted 
or  bent.     Frequently  in  radiated  masses  with  a  surface  of  pyramids,  or  in  druses* 

Simple  crystals  are  either  ripht-  or  left-lmnded.     On  a  right  handed  crystal  (Fie.  648), 
8,  if  present,  lies  to  the  right  of  the  m  face,  which  is  below  the  predominating  plus  rhombo- 


Iieitroii  r.  und  witli  tlila  belong  the  plus  right  IrRpezoliedroDS,  as  it,  and  miouB  left  trape- 
Ziiliedrons  ((-f.  Fig.  270,  p.  88),  alKOoiteft).  Od  a  l^-kandad  ciy  at  a.)  (Fig.  646),  files  to  ibo 
Ivft  iif  ibem  below  r,  unci  w!ih  il  tfae  plus  left  and  miDUBriglittrapezoljedrons,  Biaoa{righi). 
The  rifclit-  iiud  lefl-buDded  forms  occur  togelLer  oulj  la  twiua.  In  the  absence  of  Irape- 
ztiliedral  faces  tbe  slriatlous  on  t  [\  edge  rjm),  if  distinct,  serre  to  distlnguisb  tbu  faces 
r  nud  1,  not)  hence  bIiow  Ibe  right-  and  left-hnaded  character  of  the  crjatals.  Tlie  right- 
and  li'ft-liuiided  cliuiitcter  Is  also  revealed  by  etching  (Art.  S6S)  aod  by  pyro-etectridty 
(An.  420,. 

Twins:  (1)  tw.  axie  i',  axes  parallel.  (3)  Tw.  pi.  a,  aometimeg  called  the 
Briizil  late,  usually  as  irregular  penetratiou -twins  (Fig.  650).  (3)  Tw,  pi. 
£  (US'),  contuct-twins,  the  axes  croseing  at  an  angle  of  Si"  33'.  See  further 
p.  Vi7  aud  Figs.  39''i-394.  Massive  forms  common  and  in  great  variety, 
paasiiig  from  the  coarse  or  fine  granular  and 
crystalline  kinds  to  those  which  are  flint-like 
orcryptocrystalline,  SonietimeaniBnimillary,  "^ 

stalactitic,  and  in  concretionary  forms ;  as 
sand. 

Cleavage  not  distinctly  observed  ;  some- 
times fracture  surfaces  (||  r,  z  iind  m)  devel- 
oped by  sudden  cooling  after  bein^  heated 
(see  Art.  258).  Fracture  conchoidal  to  sub- 
conchnidal  in  crystallized  forms,  uneven  to 
splintery  in  some  massive  kinds.  Brittle  to 
tough.  II.  =  7.  G.  =  2-653-2-6G0  in  crystals; 
cryptocrystalline  forms  somewhat  lower  (to 
2'60)  if  pure,  but  impure  massive  forms  (e.g., 
jasper)  liigher.  Luster  vitreous,  sometimes  Basalsectioninpolarizedllpht.Bhow- 
greasy;  splendent  to  nearly  dull.  Colorless  '"?  interpenet ration  of  rig^t-  and 
when  pure  ;  often  variotis  shades  of  yellow,  i^;^"""^  f"'^"*'"'-  ^^  ^'°'- 
red,    brown,    green,    blue,    black.      Streak 

white,  of  pure  varieties;  if  impure,  often  the  same  as  the  color,  but  much 
paler.     Transparent  to  opftqiie. 

Optically  +.  Double  refraction  weak.  Polarization  circular ;  right- 
handed  or  left-handed,  the  optical  character  corresponding  to  right-  and  left- 
handed  character  of  crystals,  as  defined  above;  in  twins  (law  3),  both  right  and 
left  forms  sometimes  united,  sections  then  often  showing  Airy's  spirals  in  the 
polariscope  (of.  Art.  366,  p.  202,  and  Fig.  650).  Rotatory  power  proportional 
to  thickness  of  plate.  Refractive  indices  for  the  D  line,  at  =  1-54418,  6  = 
1'55328;  also  rotatory  power  for  section  of  1°™-  thickness,  it  =  21*71  (D  line). 
Pyroelectric  ;  also  electric  by  pressure  or  piezo- electric.  See  Arts.  420,  421, 
On  etch  lug- fill  Lires,  see  Arts.  266,  266. 

Comp.— Silica,  or  silicon  dioxide,  SiO,  =  Oxygen  53'3,  silicon  4C'7  =  100. 

Iq  iiiiisaive  varioticB  often  miieii  wllh  a  little  opal  silica.  Impure  varieties  contain  Iron 
OlUle,  caldum  carbonate,  clay,  snnd,  and  various  minerals  ns  Inclusions. 

Var,— 1.  Phenocrtstalline:  Crystallized,  vitreous  in  liiBter.  3.  Cktptochvstallinb: 
Flint-like,  mn salve. 

The  fli't  division  include*  all  ordinary  vitreous  quartz,  whether  hnving  crystalline  faces 
or  not.  The  varieties  under  the  second  are  in  general  acted  upon  aomewhat  mora  by 
attrition,  anil  by  chemical  agents,  ns  liydiofliioric  ncicl,  than  tbo^r  of  the  first.  In  all  kluos 
made  up  of  layers,  as  agnte.  successive  layers  are  unei^ually  erode<l, 

A.      PHENOCHVaTAr.LINE   OR   VlTRBOUB   VARIKTIEB. 

Ordinary  Cryttnltiz^d;  Hotk  Ojn(ni.— Colorless  quartz,  or  nearly  so,  whether  In  disrinel 
crystals  or  not.  Here  belong  the  Bristol  diamonds,  Lake  George  diamonds,  Bnizitian 
pebbles,  etc.    Some  variations  from  the  comuion  type  ore:  (a)  cavernouB  crystals;  {H)  cap. 
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quartz  made  up  of  sepuruble  layci-s  or  caps;  (e)  drusy  quartz,  a  crust  of  small  or  minute 
quartz  crystals;  {d)  radiuted  quartz,  often  separable  into  radiated  parts  haviDg  pyramidal 
termiaations;  (e)  fibrous,  rarely  delicately  so  as  a  kiud  from  Griqunlaud  West,  South 
Africa,  altered  from  crocidolite  (see  caV$-ey6  below,  also  crocidolite  p.  404). 

Atteriated;  Star-guarte. — Containing  within  the  crystal  whitish  or  colored  radiatloos- 
aloug  the  diametral  planes.     Occasionally  exhibits  distinct  asterlsm. 

Amethystine;  Ametliyst, — Clear  purple,  or  bluish  violet.   Color  perhaps  due  to  manganese. 

Jio$e. — Rose-red  or  pink,  but  becoming  paler  on  exposure.  Common  massive.  Luster 
sometimes  a  little  greasy.     Color  perhaps  due  to  titanium. 

Yellow;  False  Topaa  or  Citrine, — Yellow  and  pellucid;  resembling  yellow  topaz. 

Smoky;  Cairngorm  Stone. — Smoky-yellow  to  dark  smoky  brown,  and  often  trans- 
parent; varying  to  brownish  black,  dolor  is  probably  due  to  some  organic  compound 
^orster).  Called  cairngorms  from  the  locality  at  Cairngorm,  S.  W.  of  Banff,  in  Scotland. 
The  name  morion  is  given  to  nearly  black  varieties. 

Milky. — Milk-white  and  nearly  opaque.     Luster  often  greasy. 

Siderite,  or  Sapphire-quartz. — Of  indigo  or  Berlin-blue  color;  a  rare  variety. 

Sagenitic.  —Inclosing  acicular  crystals  of  rutile.  Other  included  minerals  in  acicular 
forms  are:  black  tourmaline;  ff5thite;  stibnite;  asbestus;  actinolite;  hornblende;  epidote. 
CaVs'Eye  (Katzenauge  (7tfrm.,C£il  de  Chat  Fr.)  exhibits  opalescence,  but  without  prismatic 
colors,  especially  when  cut  en  eaibochon,  an  effect  sometimes  due  to  fibers  of  asbestus. 
Also  present  in  the  siliceous  pseudomorphs,  after  crocidolite,  called  %«7v^«  (see  crocidolite). 
The  highly-prized  Oriental  cat's-eye  is  a  variety  of  chrysoberyl. 

Aventurine.^S^Kag\ed  with  scales  of  mica,  hematite,  or  other  mineral. 

Impure  from  the  presence  of  distinct  minerals  distributed  densely  through  the  mass. 
The  more  common  kinds  are  those  in  which  the  impurities  are:  {a)  ferrt^nous  (Eisenkiesel 
Oerm.),  either  red  or  yellow,  from  anhydrous  or  hydrous  iron  sesquioxide;  (6)  chloritie, 
from  some  kind  of  chlorite:  (e)  actinolitic;  (d)  micaceous;  {e)  arenaceous,  or  sand. 

Containing  liquids  in  cavities.  The  liquid  usually  water  (pure,  or  a  mineral  solution), 
or  some  petroleum-like  compound.  Quartz,  especially  smoky  quartz,  also  often  contains 
inclusions  of  both  liquid  and  gaseous  carbon  dioxide. 

B.    Cryptocrystalline  Varieties. 

Chalcedony. — Having  the  duster  nearly  of  wax,  and  either  transparent  or  translucent. 
Q.  =  26-2"64.  Color  white,  grayish,  blue,  pale  brown  to  dark  brown,  black.  Also  of 
other  shades,  and  then  having  other  names.  Often  mammillnry.  botryoidul,  stalactitic, 
and  occurring  lining  or  filling  cavities  in  rocks.  It  often  contains  some  disseminated  opal- 
silica.  The  name  enhydros  is  given  to  nodules  of  chalcedony  containing  water,  sometimes 
in  large  amount.  Embraced  under  the  general  name  chalcedony  is  the  crystalline  form  of 
silica  which  forms  concretionary  masses  with  radial-fibrous  and  concentric  structure,  and 
which,  as  shown  by  Rosenbusch,  is  o\ii\C2X}y  negative,  unlike  true  quartz.  It  has  n^  =  1*537; 
G.  =  2-59-2-64.  Often  in  spherulites,  showing  the  spherulitic  interference-figure.  Lussa- 
tile  of  Mallard  has  a  like  structure,  but  is  optically  -f  and  has  the  specific  gravity  and 
refractive  index  of  opal.     See  also  quartziue,  p.  328. 

Carnelian.  Sard. — A  clear  red  chalcedony,  pale  to  deep  in  shade;  also  brownish  red 
to  brown. 

Chrysoprase. — An  apple- green  chalcedony,  the  color  due  to  nickel  oxide. 

Prase. — Translucent  and  dull  leek-green. 

Plasma. — Rather  bright  green  to  leek-green,  and  also  sometimes  nearly  emerald-green, 
and  subtranslucent  or  feebly  translucent.  Heliotrope,  or  Blood-stone,  is  the  same  stone 
essentially,  with  small  spots  of  red  jjisper,  looking  like  drops  of  blood. 

Agate.— A  variegated  chalcedony.  The  colors  are  either  (a)  banded;  or  {b)  iiTegularly 
clouded;  or  (c)  due  to  visible  impurities  as  in  moss  agate,  which  has  brown  moss-like  or 
dendritic  forms,  as  of  manganese  oxide,  distributed  through  the  mass.  The  bands  are 
delicate  parallel  lines,  of  white,  pale  and  dark  brown,  bluish  and  other  shades;  they 
are  sometimes  straight,  more  often  waving  or  zigzag,  and  occasionally  concentric 
circular.  The  bands  are  the  edges  of  layers  of  deposition,  the  agate  having  been  formed 
by  a  deposit  of  silica  from  solutions  intermittently  supplied,  in  irregular  cavities  in  rocks, 
and  deriving  their  concentric  waving  courses  from  the  iiregiilarities  of  the  walls  of  the 
cavity.  The  layers  differ  in  porosity,  and  therefore  agates  may  be  varied  in  color  by 
artificial  means,  and  this  is  done  now  to  a  large  extent  with  the  agates  cut  for  ornament. 
There  is  also  agatized  wood:  wood  petrified  with  clouded  agate. 

Onyx. — Like  agate  in  consisting  of  layers  of  different  colors,  white  and  black,  white  and 
red,  etc.,  but  the  layers  in  even  planes,  and  the  banding  straight,  and  hence  its  use  for  cameos» 
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Sfirdonyx. — Like  onvx  in  stracture,  but  includes  layers  of  camelian  (sard)  along  with 
others  of  white  or  whitish,  and  brown,  and  sometimes  black  colors. 

Agate-jasper, — An  agate  consisting  of  jasper  with  veinings  of  chalcedony. 

SUieeous  ttnt^r.— Irregularly  cellular  quartz,  formed  by  deposition  from  waters  contain- 
ing silica  or  soluble  silicates  in  solution.     See  also  under  opal.  p.  329. 

/^/tn^— Somewhat  allied  to  chalcedony,  but  more  opaque,  and  of  dull  colors,  usually 
gray,  smoky  brown,  and  brownish  black.  The  exterior  is  often  whitish,  from  mixture 
with  lime  or  chalk,  in  which  it  is  embedded.  Luster  barely  glisteuiug,  subviireous. 
Breaks  with  a  deeply  couchoidul  fracture,  and  a  sharp  cutting  edge.  The  fliut  of  the  ^ 
chalk  formation  consists  largely  of  the  remains  of  diatoms,  sponges,  and  other  marine 
productions.  The  coloring  matter  of  the  common  kinds  is  mostly  carbonaceous  matter. 
Flint  implements  play  an  important  part  among  the  relics  of  early  man. 

Hornstone. — Resembles  flint,  but  is  more  brittle,  the  fracture  more  splintery.  Chert  is  a 
term  often  applied  to  hornstone,  and  to  any  impure  tlinty  rock,  including  the  jaspers. 

Baganite;  Lydian  Stone,  or  Touehsiane,—!^  velvet-black  siliceous  stone  or  tlinty  jasper, 
used  on  account  of  its  hardness  and  black  color  for  trying  the  purity  of  the  precious  metals. 
The  color  left  on  the  stone  after  rubbing  the  metal  across  it  indicates  to  the  experienced 
eye  the  amount  of  alloy.    It  is  not  splintery  like  hornstone. 

Jasper. — Impure  opaque  colored  quartz;  commonly  red,  also  yellow,  dark  green  and 
grayish  blue.  Striped  or  ribajid  jasper  has  the  colors  in  broad  stripes.  PorceUiin  jasper  is 
nothing  but  baked  clay,  and  differs  from  true  jasper  in  being  B.B.  fusible  on  the  edges. 

C.  Besides  the  above  there  are  also: 

Granular  Quartz,  (Quartz-rock,  or  Quartzite. — A  rock  consisting  of  quartz  grains  very 
firmly  compacted;  the  grains  often  hardly  distinct.  Quarizose  Sandstone,  Quartz-con- 
glomerate.— A  rock  made  of  pebbles  of  quartz  with  sand.  The  pebbles  sometimes  are 
jasper  and  chalcedony,  and  make  a  beautiful  stone  when  polished.  Jtacolumite,  or  Flexible 
Sandstone. — A  friable  sand-rock,  consisting  mainly  of  quartz-sand,  but  containing  a  little 
mica,  and  possessing  a  degree  of  flexibility  when  in  thin  laminae.  Buhrstone,  or  Lurrstoue. 
— A  cellular,  flinty  rock,  having  the  nature  in  part  of  coai-se  chalcedony. 

PseudomorpJious  Quartz. — Quartz  appears  also  under  the  forms  of  many  of  the  mineral 
species,  which  it  has  taken  through  either  the  alteration  or  replacement  of  crystals  of  those 
species.  The  most  common  quartz  pseudomorphs  are  those  of  calcite,  barite,  fluorite,  and 
siderite.     Silicifled  wood  is  quartz  pseudomorph  after  wood  (p.  258). 

"Pyr.,  etc. — B.B.  unaltered;  with  borax  dissolves  slowly  to  a  clear  glass;  with  soda 
dissolves  with  effervescence:  unacted  upon  by  salt  of  phosphorus.  Insoluble  in  hydro- 
chloric acid,  and  only  slightly  acted  upon  by  solutions  of  fixed  caustic  alkalies,  the  cn-pto- 
crystalline  varieties  to  the  greater  extent.  Soluble  only  in  hydrofluoric  acid.  When  fused 
and  cooled  it  becomes  opal-silica  having  G.  =  2*2. 

Diflf. — Characterized  in  crjrstals  by  the  form,  glassy  luster,  and  absence  of  cleavage; 
also  in  general  by  hardness  and  infusibility. 

Easily  recognized  in  rock  sections  by  its  low  refraction  ("low  relief,"  p.  170)  and  low 
birefringence  ( e  —  oj  =  0*009);  the  interference  colors  in  ^ood  sections  not  rising  above 
yellow  of  the  first  order;  also  by  its  limpidity  and  the  positive  uniaxial  cross  yielded  by 
axiiil  sections  (p.  203,  note),  which  remain  dark  when  revolved  between  crossed  uicols. 
Commonly  in  formless  grains  (granite),  also  with  crystal  outline  (porphyry,  etc.). 

Obs. — Quartz  is  an  essential  component  of  certain  igneous  rocks,  as  granite,  granite- 
porphyry,  quartz- porphyry  and  rhyolite  in  the  granite  group;  in  such  rocks  it  is  commonly 
in  formless  grains  or  masses  filling  the  interstices  between  the  feldspar,  as  the  last  prod\H  t 
of  crystallization.  Further  it  is  an  essential  constituent  in  quartz  diorite,  quartz-diorite 
]>orphyry  and  dacites  in  the  diorite  group;  in  the  porphyries  frequently  in  distinct  crystals. 
It  occurs  also  as  an  accessory  in  other  feldspathic  igneous  rocks,  such  as  syenite  and  trachyte. 
Among  the  metamorphic  rocks  it  is  an  essential  component  of  certain  varieties  of  gneiss,  of 
quartzite.  etc.  It  forms  the  mass  of  common  sandstone.  It  occurs  as  the  vein-stone  in 
various  rocks,  and  for  a  large  part  of  mineral  veins;  as  a  foreign  mineral  in  some  limestones, 
etc.,  making  geodes  of  crystals,  or  of  chalcedony,  agate,  carnelian,  etc. :  as  embedded  nodules 
or  masses  in  various  limestones,  constituting  the  flint  of  the  Chalk  formation,  the  hornstone 
of  other  limestones— these  nodules  sometimes  becoming  continuous  layers;  as  masses  of 
jasper  occasionally  in  limestone.  It  is  the  principal  material  of  the  pebbles  of  gravel-beds, 
and  of  the  sands  of  the  seashore,  and  sandbeds  everywhere.  In  graphic  granite  {pegmatite) 
the  quartz  individuals  are  arranged  in  parallel  position  in  feldspar,  the  ang\ilar  particles 
resemhliiifir  written  characters.  The  quartz  grains  in  a  fra^mental  sandstone  are  often 
found  to  have  undergone  n  secondary  growth  by  the  deposition  of  crystallized  silica  with 
like  orientation  to  the  orijErinal  nucleus. 

Switzerl.md   Dauphine,  Piedmont,  the  Carrara  quarries,   and  numerous  other  foreign 
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lociilities,  afford  fiue  specimens  of  rock  crystal;  also  Japan,  whence  the  beautiful  crystal 
spheres,  iu  rare  cases  up  to  6  inches  in  diameter.  Smoky  quartz  crystals  of  great  beauty, 
and  often  highly  complex  iu  form,  occur  at  many  points  in  the  central  Alps,  also  at 
Cairngorm.  Scotland.  The  most  beautiful  amethysts  are  brought  from  India,  Ceylon,  and 
Persia,  ulso  from  Brazil;  inferior  specimens  occur  iu  Transylvania.  The  finest  canuWinB  and 
agates  are  found  iu  Arabia,  India,  Brazil,  Surinam,  also  formerly  at  Oberstein  and  Saxony. 
Scotland  affords  smaller  but  handsome  specimens  (Scotch  pebbles).  The  banks  of  the  Nile 
afford  the  Egyptian  jasper;  the  striped  jasper  is  met  with  iu  Siberia,  Saxony,  and  Devonshire. 

In  New  lork,  quartz  crystals  are  abundant  in  Herkimer  Co..  at  Middleville,  Little 
Falls,  etc.,  loose  in  cavities  in  the  Calciferous  sund-rock.  or  embedded  in  loose  earth. 
Flue  quartzoids,  at  the  beds  of  hematite  iu  Fowler,  Herman,  and  Edwards,  St.  Lawrence 
Co.,  also  at  Antwerp,  Jefferson  Co.  On  the  banks  of  Laidlaw  Lake,  Rossie,  large  implanted 
crystals;  at  Ellenville  lead  miue,  Ulster  Co  ,  in  fine  groups.  At  Paris,  Me.,  handsome 
crystals  of  brown  or  smoky  quartz.  Beautiful  colorless  crystals  occur  at  Hot  Springs, 
Arkansas.  Alexander  Co.,  N.  C,  has  afforded  great  numbers  of  highly  complex  crystals, 
with  rare  modifications.  Fine  crystals  of  smoky  quartz  come  from  the  granite  of  the  Pike's 
Peak  region,  Colorado.  Geodcs  of  quartz  crystals,  also  enclosing  calcite,  sphalerite,  etc., 
are  common  iu  the  Keokuk  limestone  of  the  west. 

R?8e  quartz  occurs  at  Albany  and  Paris,  Me.;  Acworth,  N. ;  H.  Southbury,  Conn. 
AmeiJiysU  iu  trap,  at  Keweeuaw  Point,  Lake  Superior;  Specimen  Mt  ,  Yellowstone  Park; 
in  Pennsylvania,  in  East  Bradford,  Chester,  and  Providence  (one  tine  crystal  over  7  lbs.  in 
weight),  in  Chester  Co.;  at  the  Prince  vein,  Lake  Superior;  large  crystals,  near  Greensboro, 
N.  C. ;  crystallized  green  quartz,  in  talc,  at  Providence,  Delaware  Co.,  Pcuu.  Chalcedony 
and  agates  abundant  and  beautiful  on  N.  W.  shore  of  Lake  Superior.  Red  jasper  is  found 
on  Sugar  Loaf  Mt.,  Maine;  iu  pebbles  ou  the  banks  of  the  Hudson  at  Troy;  yellow,  with 
chalcedony,  at  Chester,  Mass.  Agatized  and  jasperized  wood  of  great  beauty  and  variety 
of  color  is  obtained  from  the  petrified  forest  called  Chalcedony  Park,  near  Carrizo,  Apache 
Co.,  Arizona;  also  from  the  Yellowstone  Park;  near  Florissant  and  elsewhere  iu  Colorado; 
Amethyst  Mt.,  Utah;  Napa  Co.,  California.  Moss  agates  from  Humboldt  Co.,  Nevada, 
uud  many  other  points. 

The  word  quartz  is  of  German  provincial  origin.  Agate  is  from  the  name  of  the  river 
Achates,  in  Sicily,  whence  specimens  were  brought,  as  stated  by  Tiieophrastus. 

QuAUTziNE  is  a  name  which  has  been  given  to  a  form  of  silica  which  is  present  in 
chalcedouy  and  is  inferred  to  be  triclinic  in  crystalline  structure.     Lutecite  belongs  here. 

TRIDYMITE. 

Hexagonal  or  pseudo-hexagonal.  Axis  d  =  1-6530.  Crystals  usually  minute, 
thin  tabular  |1  c;  often  in  twins;  also  united  in  fan-shaped  groups. 

Cleavage:  prismatic,  not  distinct;  parting  |  c,  sometimes  observed.  Frac- 
ture conchoidal.  Brittle.  II.  =  7.  G.  =  2-28-2-33.  Luster  vitreous,  on  c 
pearly.  Colorless  to  white.  Transparent.  Optically  -[-.  Often  exhibits 
anomalous  refraction  phenomena. 

Comp. — Pure  silica,  SiO,,  like  quartz. 

Pyr.,  etc.— Like  quartz,  but  soluble  iti  boiling  sodium  carbonate. 

Obs.— Occurs  chiefly  in  acidic  volcanic  rocks,  tracliyte,  andesite,  liparitc,  less  often  in 
dolerile;  usually  iu  cavities,  often  associated  witli  sanidine.  also  hornblende,  augife,  heuia- 
liie;  sometimes  in  opal.  First  observed  in  crevices  and  druses  in  an  augite-andesite  from 
the  Cerro  San  Cristobal,  near  Pachuca,  Mexico;  later  proved  to  be  rallier  generally 
distributed.  Thus  in  tracliyte  of  the  Siebengebirge;  of  Euganean  Hills  in  N.  Italy;  Pu'v 
Capucin  CMont-Dore)  in  Central  l>ance,  etc  In  the  ejected  masses  from  Vesuvius  coii- 
sisting  chiefly  of  stinidine.  With  quartz,  feldspar,  fayalite  in  lithophyses  of  Obsidian  cliff, 
Yellowstone  Park.     In  the  andesite  of  Mt.  Rainier,  Washington. 

Named  from  rp/V^iv/o?,  threefold,  in  allusion  to  the  common  occurrence  in  trillings. 

Abmanite.  a  form  of  silica  found  in  the  meteoric  iron  of  Breitenbach,  in  very  minute 
grains,  probably  identical  with  tridymite;  by  some  referred  to  the  orlhorhombic  system 

Ckistobali TE.  Christobalite.  Silica  in  white  octahedrons  (pseudo-isometric?).  G  = 
2-27.     With  tridymite  in  andesite  of  the  Cerro  S.  Cristobal,  Pachuca.  Mexico. 

Melanophlooite.  In  minute  cubes  and  spherical  aggregates.  Occurrintj  with  calcite 
and  celesiite  implanted  upon  an  incrustation  of  opaline  silica  over  the  sulphur  crystals  of 
Girgeuti.  Sicily.  Consists  of  SiO,  with  5  to  7  p.  c.  of  SO3.  The  mineral  turns  black 
superficially  when  heated  B.B. 
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Amorphous.  Massive;  sometimes  small  reniform^  stalactitic^  or  large 
tuberose.    Also  earcby. 

H.  =  5-5-G-5.  G.  =  r9-2'3;  wben  pure  21-2'2.  Luster  vitreous,  frequently 
fiubvitreous;  often  inclining  to  resinous,  and  sometimes  to  pearly.  Color  wbite, 
yellow,  red,  brown,  green,  gray,  blue,  generally  pale  ;  dark  colors  arise  from 
foreign  admixtures;  sometimes  a  rich  play  of  colors,  or  different  colors  by 
refracted  and  reflected  light.  Streak  wnite.  Transparent  to  nearly  opaque. 
n,  =  I-44-1-45. 

Oftt'u  shows  double  refractioo  similnr  to  thnt  obseiTed  in  colloidal  substances  due  to 
tension.  Tbc  cause  of  tbe  play  of  color  iu  the  precious  opal  was  investigated  by  Brewster, 
who  nscribcil  it  to  the  presence  of  microscopic  cavities.  Behrends,  however,  has  given  a 
monograph  on  the  subject  (Ber.  Ak.  Wieu,  64  (1),  1871),  and  has  shown  that  this  explanation 
is  incorrect:  he  refers  the  colors  to  thin  curved  lamellee  of  opal  whose  refractive  power  may 
differ  by  01  from  that  of  the  mass.  These  are  conceived  to  have  been  originally  formed  in 
parallel  position,  but  have  been  changed,  bent,  and  finally  cracked  and  broken  in  the 
solidificutiou  of  the  ground  mass. 

Comp. — Silica,  like  quartz,  with  a  varying  amount  of  water,  SiOj.wH,0. 
The  water  is  sometimes  regarded  as  non-essential. 

The  opal  condition  is  one  of  lower  degrees  of  hardness  and  specific  gravity,  and,  as 
generally  l)elieved.  of  incapability  of  crystallization.  The  water  present  varies  from  3  to  18 
p.  c.  or  more,  but  mostly  from  3  to  9  p.  c.  Small  quantities  of  ferric  oxide,  alumina,  lime, 
magnesia,  and  alkalies  are  usually  present  as  impurities. 

Var  — Precious  Opal. — Exhibits  a  play  of  delicate  colors. 

Fire  opal. — Hyacinih-red  to  honey -yellow  colors,  with  fire-like  reflections,  somewhat 
irised  on  turning. 

Oirasol.— Bluish  while,  translucent,  with  reddish  reflections  in  a  bright  light. 

Common  Opal. — In  part  translucent;  (a)  milk-opal,  milk-white  to  greenish,  yellowish, 
bluish;  {b)  liestn-opal,  wax-,  honey-  to  ocher-yellow,  with  a  resinous  luster:  (<?)  dull  olive- 
,^reen  and  mounlain-green;  (<f)  brick  red.  Includes  Semiopal;  {e)  Il^drophane,  a  variety 
which  becomes  more  traiisUiceut  or  transparent  in  water. 

Cacholong. — Opaque,  bluisli  white,  porcelain-white,  pale  yellowish  or  reddish. 

Opa^flj^ate.— Agute-like  in  structure,  but  consisting  of  opal  of  different  shades  of  color. 

Meniliie. — In  concretionary  forms;  opaque,  dull  grayish. 

Jasp-opnl  Opal  jasper— Opal  containing  some  yellow  iron  oxide  and  other  impurities, 
and  having  the  color  of  yellow  jasper,  with  the  luster  of  common  opal. 

Wood-opal.     Holz-opal  Germ. — Wood  petrified  by  opal. 

Hyalite.  Muller'a  Glass. — Clear  as  glass  and  colorless,  constituting  globular  concretions, 
and  crusts  with  a  globular  or  botryoidal  surface:  also  passing  into  translucent,  and  whitish. 
Less  readily  dissolved  in  caustic  alkalies  than  other  varieties. 

FioriU,  Siliceous  Sinter. — Includes  translucent  to  opaque,  grayish,  whitish  or  brownish 
incrustations,  porous  to  firm  in  texture:  sometimes  fibrous-like  or  filamentous,  and.  when 
80.  pearly  in  luster  (then  called  Pearl-sinter);  deposited  from  the  siliceous  wateis  of 
hot  springs. 

Geyserite.  — Constitu'es  concretionary  deposits  about  the  ge3'sers  of  the  Yellowstone  Park. 
Iceland,  and  New  Zealand,  presenting  white  or  gmyish,  porous,  stalactitic.  filamentous 
cauliflower  like  forms,  often  of  great  beauty;  also  compact-massive,  and  scaly  massive. 

Flont  stone. — In  light  porous  concretionary  masses,  white  or  grayish,  sometimes  cavern- 
ous, rouiib  in  fracture. 

Tripolite. — Formed  from  the  siliceous  shells  of  diatoms  (hence  called  diatomiie)  a"d 
other  microscopic  species,  and  occurring  in  extensive  deposits.  Includes  Infusorial  Earth, 
or  Earthy  Trijx>lite.  a  very  finegrained  earth  looking  often  like  an  earthy  clialk,  or  a  clay, 
but  harsh  to  the  f«'el,  and  scratching  glass  when  rubbed  on  it. 

Pyr.,  etc.— Yields  water.  B.B.  infusible,  but  l)ecomes  opaque.  Some  yellow  varieties, 
contiiininff  iron  oxide,  turn  red.  Soluble  in  hydrofluoric  acid  somewhat  more  readily  than 
quartz:  also  .sr)lublc  in  caustic  alkalies,  but  more  readily  in  some  varieties  than  in  others. 

Obs.— Occurs  filling  cavities  and  fissures  or  seams  in  igneous  rocks,  as  trachyte,  por- 
phyry, also  in  some  metallic  veins.  Also  embedded,  like  flint,  in  limestone,  and  sometimes, 
like  other  quartz  concretions,  in  argillaceous  beds;  formed  from  the  siliceous  waters  of 
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•oine  hot  spriags;  often  resulting  from  Uie  mere  accumulation,  or  accumulation  and  partial 
solutiou  and  solidificution,  of  tue  Biliceoua  shells  of  infusoria,  of  sponee  spicules,  ttc, 
which  cousist  essentially  of  opal-silica.  1  he  last  mentioned  is  the  probaule  source  of  the 
opttl  of  limestones  and  argillaceous  beds  (as  it  is  of  flint  in  the  same  rocks),  and  of  part  of 
that  iu  igneous  rocks.    It  exists  iu  most  chalcedony  and  flint. 

PreetoM  opal  occurs  in  porphvry  at  Czerwenitza,  near  Kasbau  in  Hungarv;  at  Gracias  a 
Dios  in  Honduras;  Queretaro  in  Mexico;  a  beautiful  blue  opal  on  Bulla  Creek,  Queensland. 
Fire-^jpal  occurs  at  Ziuiapan  in  Mexico;  the  FftrOer;  near  San  Antonio,  Honduras.  Common 
opal  is  abundant  at  Telkeb&nya  in  Hungary;  near  Pemstein,  etc.,  in  Moravia;  in  Bohemia; 
bteuzelberg  in  Siebengebirire;  iu  Iceland.  Hyalite  occurs  in  amygdaloid  at  Schemnitc, 
Hungary;  in  clinkstone  at  Waltsch,  Bohemia;  at  San  Luis  Potosi,  Mexico. 

In  U.  S.,  hpalUe  occurs  sparingly  in  connection  with  the  trap  rock  of  New  Jersey  and 
Connecticut.  A  water-worn  specimen  of  fire-opal  has  been  found  on  the  John  Davis  river, 
in  Crook  Co.,  Oregon. 

Common  opal  in  found  at  Cornwall,  Lebanon  Co ,  Penn.;  at  Aquas  Calientes,  Idaho 
Springs,  Colo.;  a  white  variety  at  Mokelumne  Hill,  Calaveras  Co.,  Cal.,  and  on  the  Mt. 
uiabh>  range.  Geyserite  occurs  in  ereat  abundance  and  variety  in  the  Yellowstone  region 
(cf.  above);  also  siliceous  sinter  at  Steamboat  Springs,  Nevada.  Other  localities  are  gtven 
by  Kunz,  Gems  and  Precious  Stones  of  N.  A.,  1890. 


n.  Oxides  of  the  Semi-Metala;  also  Molybdenunii  Tnxigiten. 

Anenolite.  Arsenic  trioxide,  AjhOt.  In  isometric  octahedrons;  in  crusts  and  earthy. 
Colorless  or  white.    G.  =  8*7.    Occurs  with  arsenical  ores. 

Olaiidetite.    Also  AsiOt,  but  monoclinic  in  form. 

Senarmontlte.  Antimony  trioxide.  SbsOt.  In  isometric  octahedrons;  in  cnists  and 
granular  massive.    G.  =  5*8.    Colorless,  grayish.    Occurs  with  ores  of  antimony. 

Valentinite.    Also  8b«Ot,  but  in  prismatic  orthorhombic  ciysUls. 

Bismite..  Bismuth  trioxide,  BisOt.    Pulverulent,  earthy;  color  straw-yellow. 

Tellnrite.    Tellurium  dioxide,  TeO,.     In  white  to  yellow  slender  prismatic  crystals. 

Molybdite.  Molybdenum  trioxide.  MoOs.  In  capillary  tufted  forms  and  earthy.  Color 
straw-yellow. 

Tungstite.  Tungsten  trioxide,  WOj.  Pulverulent,  earthy;  color  yellow  or  yellowish 
green. 

Oervantite.  SbaOs.SbaO*.  In  yellow  to  white  acicular  crystals;  also  massive,  pul- 
verulent. 

Stibiconite.    HsSbsOt.    Massive,  compact.    Color  pale  yellow  to  yellowish  white. 


m.  Oxides  of  the  Metals. 

A.  Anhydrous  Oxides. 

I.  Protoxides,  R,0  and  RO. 

II.  Sesquioxides,  R,0,. 

mil 

III.  Intermediate,  RR,0,  or  RO.R,0„  etc. 

IV.  Dioxides,  RO,. 

The  Anhydrous  Oxides  include,  as  shown  above,  three  distinct  divisions, 
the  Protoxides,  the  Sesquioxides  and  the  Dioxides.  The  remaining  Inter- 
mediate division  embraces  a  number  of  oxygen  compounds  which  are  properly 
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to  be  regarded  chemically  as  salts  of  certain  acids  (aluminates,  ferrates,  etc.); 
here  is  included  the  well-characterized  Spinel  Group. 

Among  the  Protoxides  the  only  distinct  group  is  the  Periclase  Group^ 
which  includes  the  rare  species  Periclase,  MgO,  Manganosite,  MnO,  and 
Bunsenite,  NiO.     All  of  these  are  isometric  in  crystallization. 

The  Sesquioxides  include  the  well -characterized  Hematite  Group,  R,0,. 
The  Dioxides  include  the  prominent  Rutile  Group,  EO,.  Both  of  these 
groups  are  further  defined  later. 


Arizona. 


1.  Protoxides,  E,0  and  RO. 

OXTPRmi.    Red  Copper  Ore.    Kotbkupfererz  Germ. 

Isometric-plagihedral.      Commonly  in    octahedrons;    also  in  cubes  and 
dodecahedrons,  often   highly   modified.     Plagihedral  ggj 

faces  sometimes  distinct  (see  pp.   50,  51).     Also  mas- 
sive, granular;  sometimes  earthy. 

Cleavage:  o  interrupted.  Fracture  conchoidal, 
uneven.  Brittle.  H.  =  3-5-4.  G.  =  5-85-615. 
Luster  adamantine  or  submetallic  to  earthy.  Color 
red,  of  various  shades,  particularly  cochineal-red, 
sometimes  almost  black;  occasionally  crimson-red  by 
transmitted  light.  Streak  several  shades  of  brownish 
red,  shining.  Subtransparent  to  subtranslucent.  Re- 
fractive index,  n^  =  2*849  Fizeau. 

Var. — 1.  Ordinary,    (a)  Crystallized;    commonly  iu  octa- 
hedrons, dodecahedrons,  cubes,  and  intermediate  forms;  the  crystals  often  with  a  crust  of 
malachite;  (6)  massive. 

2.  Captllary ;  Chaleotriehite.  Plush  Copper  Ore.  In  capillary  or  acicular  crystalliza- 
tions,  which  are  sometimes  cubes  elongated  iu  the  direction  of  the  cubic  axis. 

8.  Earthy;  Tile  Ore,  Zicgelerz  Germ.  Brick-red  or  reddish  brown  and  earthy,  of  tea 
mixed  with  red  oxide  of  iron;  sometimes  nearly  black. 

Comp. — Cuprous  oxide,  Cu^O  =  Oxygen  11*2,  copper  SB'S  =  100. 

Pyr.,  etc. — Unaltered  in  the  closed  lube.  B.B.  in  the  forceps  fuses  and  colors  the 
flame  emerHld-grcen.  On  charcoal  first  blackens,  then  fuses,  and  is  reduced  to  metallic 
copper.  With  the  fluxes  gives  reactions  for  copper.  Soluble  in  concentrated  hydrochloric 
acid,  and  a  strong  solution  when  cooled  and  diluted  with  cold  water  yields  a  heavy,  white 
precipitate  of  subchloride  of  copper. 

DiS. — Distinguished  from  hematite  by  inferior  hardness,  but  is  harder  than  cinnabar 
and  proustite  and  differs  from  them  in  the  color  of  the  streak;  reactions  for  copper,  B.B.» 
are  conclusive. 

Obs. — Occurs  at  Kamsdorf  in  Thuringin;  in  Cornwall,  in  fine  crystals,  at  Wheal  Gorland 
and  other  mines;  in  Devonshire  near  Tavistock;  in  isolated  crystals,  more  or  less  altered  to- 
mnlncliitc,  ut  Chessy,  near  Lyons,  France;  in  the  Ural;  South  Australia;  also  abundant  in 
Chili.  IVni.  Bolivia. 

Ill  the  U.  S.  observed  at  Somerville,  etc.,  N.  J.;  at  Cornwall,  Lebanon  Co.,  Pa.;  in  the 
Lake  Superior  region.  With  malachite,  limonite,  etc  .  at  the  Copper  Queen  mine.  Bisbee. 
Arizona,  sometimes  in  fine  crystals;  beautiful  chaleotriehite  at  Morenci;  at  Clifton,  Graham 
Co.,  in  crystals,  and  massive. 

Ice.  H.O.  Hexagonal.  Familiarly  known  in  six-rayed  snow  crystals;  also  coating 
ponds  in  winter,  further  as  glaciers  and  icebergs. 

Periclase  Group. 

Periclase.  Magnesia,  MgO.  In  cubes  or  octahedrons,  and  in  grains.  Cleavage  cubic. 
H.  =6.  Q.  —  3-67-8  90.  Occurs  in  white  limestone  at  Mt.  Somma;  at  the  Kitteln  manga* 
nese  mine,  Nordmark,  Sweden. 
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Manganoaite.  Manganese  protoxide,  MnO.  In  isometric  octahedrons.  Cleavage  cubic. 
H.  =  5-6.  G.  =  5*18.  Color  emerald-green,  becoming  black  on  exposure.  From  Ldngban 
and  Nordmark,  Sweden. 

BuDjieiiite.    Nickel  protoxide,  NiO.   In  green  octahedrons.    From  Johanngeorgenstadt. 


ZINOmi.    Red  Oxide  of  Zinc.     Red  Zink  Ore.     Rothzinkerz  Oerm. 

Hexagonal-hemimorphic.  Axis  d  =  16219.  Natural  crystals  rare  (Fig. 
50,  p.  IS);  usually  foliated  massive,  or  in  coarse  particles  and  grains;  also  with 
granular  structure. 

Cleavage:  c  perfect ;  prismatic,  sometimes  distinct.  Fracture  subconchoidal. 
Brittle.  H.  =  4-4*5.  6.  =  5*43-5'7.  Luster  subadaman tine.  Streak  orange- 
yellow.  Color  deep  red,  also  orange-yellow.  Translucent  to  subtransluceut. 
Optically  +. 

Comp. — Zinc  oxide,  ZnO  =  Oxygen  19-7,  zinc  80*3  =  100.  Manganese 
protoxide  is  sometimes  present. 

Pyr.,  etc.— B.B.  infusible;  with  the  fluxes,  on  the  platinum  wire,  gives  reactions  for 
manganese,  and  on  charcoal  in  R.F.  gives  a  coating  of  zinc  oxide,  yellow  while  hot,  and 
white  on  cooling.  The  coating,  moistened  with  cobalt  solution  and  treated  in  O.F.,  assumes 
«  green  color.     Soluble  in  acias. 

Diflf.— Characterized  by  its  color,  particularly  that  of  the  streak;  by  cleavage;  by 
reactions  B.B. 

Obs. — Occurs  with  franklinite  and  willemite,  at  Sterling  Hill  near  Ogdensburg,  and  at 
Mine  Hill.  Franklin  Furnace,  Sussex  Co.,  N.  J.,  sometimes  in  lamellar  masses  in  pink 
calcite.     A  not  uncommon  furnace  product. 

Massicot.     Lead  monoxide,  PbO.     Massive,  scaly  or  earthy.     Color  yellow,  reddish. 

Tenorlte.  Cupric  oxide,  CuO.  In  minute  black  scales  with  metallic  luster;  from 
Vesuvius.  Also  black  earthy  massive  (melacon%te)\  occurring  with  ores  of  copper  as  at 
Ducktown,  Tenn.,  and  Keweenaw  Point,  Lake  Superior. 

Paramelaconite  is  essentially  cupric  oxide,  CuO,  occurring  in  black  pyramidal  crystals 
referred  to  the  tetragonal  system.    From  the  Copper  Queen  mine,  Bisbee,  Arizona. 


Hematite  Group.     R,0».     Rhombohedral. 

rr'  i 

Corundum  A1,0,  93°  56'  1-3C30 

Hematite  Fe^Oa  94°    0'  1-3G5C 

Hmenite  (Fe,Mg)O.TiO,  Tri-rhombohedral      94°  29'  1-384C 

Pyrophanite  MnO.TiO,  "  94°    5^'  13692 

The  Hematite  Group  embraces  the  sesquioxides  of  aluminium  and  iron. 
These  compounds  crystallize  in  the  rhombohedral  system  with  a  fundamental 
rhomboliedron  differing  but  little  in  angle  from  a  cube.  Both  the  minerals 
belonging  liere,  Hematite  and  Corundum,  are  hm-iL 

To  tliese  species  the  titanates  of  iron  (and  magnesium)  and  manganese, 
Hmenite  and  Pyrophanite,  are  closely  related  in  form  though  belongin<i:  to  the 
tri-rhombohedral  group  (phenacite  type);  in  other  words,  the  relation  between 
hematite  and  ilmenite  may  be  regarded  as  analogous  to  that  between  calcite 
and  dolomite.  It  is  to  be  noted,  further,  that  hematite  often  contains  titanium, 
and  an  artificial  isomorphous  compound,  TijO,,  has  been  described.  Hence 
the  ground  for  writing  the  formula  of  ilmenite  (Fe,Ti),0„  as  is  done  by  some 
authors.  It  is  shown  by  Penfield,  however,  that  the  formula  (Fe,Mg)TiO,  is 
more  correct. 


OORUHDUM. 

Khombohedr&l.  Axis  i  = 
er,  O0OlAlOil  =  57-M'. 
en,  0O0lA3243  =  6r  11'. 
tY,  lOil/vilOl  =83°  86'. 
nn',3243A2423  =  Br58'. 
w'.'4488A484a  =  67''88'. 
ft",    8341a3421  =  S8°M'. 

Twins:  tw.pl.r;  sometimes 
penetration-twins;  oiteii  polj- 
synthetic,  and  thus  producing 
a  laminated  etrncture.  Cryg- 
talB  nsuallj  rough  and  ronnded. 
Also  massive,  with  nearlj  rect- 
angular parting  or  psendo- 
cleavage;  granular,  coarse  or 
fine. 

Parting:  c,  Bometimes  per- 
fect, hut  interrupted;  also  r  due  to  twinning,  often  prominent;  a  less  distinct. 
Fracture  uneven  to  conchoidal.  Brittle,  when  compact  very  tough.  H.  =  9. 
G.  =  395-4  "10,  Luster  adamantine  to  vitreous;  on  c  sometimes  pearly.  Oc- 
casionally showing  aaterism.  Color  blue,  red,  yellow,  brown,  gray,  and  nearly 
white;  streak  uncolored.  Pleochroic  in  deeply  colored  varieties.  Transparent 
to  translucent.  Normally  uniaxial,  negative;  for  sapphire  «,=  1*'^6T6  to 
1-7682  and  e,  =  1-7594  to  1-7598  Di.     Often  abnormally  biasial. 

Tar. — Tbere  are  three  BiibdivlsiaQB of  IbeapecIeB  pronilncQllyrecogaized  la  ttie  arts,  but 
differlQg  only  In  purity  nml  state  of  ctystallizalioa  or  Blructurc. 

Vab.  1.  BAPPHIRB,  Ruby. — lucludes  the  purer  kiuds  of  &Decolora,  traDspnrenl  to  trstiB- 
lucent,  useful  as  gems  Stones  are  named  BcconlinK  to  tlielr  colors:  Sapp/iirt  blue;  trii« 
£u5y,  or  Oriental  Buby,  red;  0.  Topaz,  yellow;  0.  Emtrald,  greeu;  0.  Amelhytt,  purple. 
A  varieiy  having  a  sleliate  opalescence  wben  viewed  In  the  direction  of  the  vertical  nxis  of 
Ibe  crystal,  is  the  AiUriaUil  Eapphire  or  Star  Sapphire. 

3.  CORUKfiVu. — Includes  the  kind*  of  dark  or  dull  colors  and  not  Iranspareut,  colors 
light  blue  10  gray,  brown,  aud  black.  The  original  adamnntiiie  tpar  from  Indin  has  a  dark 
grayish  emoky-bronu  tiol.  bulgreenlBli  or  bluish  by  traosmiltcd  iigbl,  when  translucent. 

3  Emeuy.  Schmirgel  Oerm. — Includes  granular  corundum,  of  black  or  gniyisb  black 
color,  and  contains  magnelltc  or  Leniatile  intimately  mixed,  Somettmca  associaled  wirh 
iron  spinel  or  hercyoile.  Feds  and  looks  much  like  a  black  fine-grained  iron  ore,  which  it 
waa  long  considered  to  be.  There  arc  gradations  from  the  evenly  flnegrslned  emery  to 
kinds  in  which  the  corundum  Is  in  distluct  crystals. 

Comp, — Alnmina,  A1,0,  =  Oxygen  47-1,  aluminium  52'9  =  100.  The  crys- 
tallized varieties  are  essentially  pure;  analyses  of  emery  show  more  or  less 
impurity,  chiefly  magnetite. 

Pyr.,  etc. — B  B.  unaltered;  slowly  dissolved  in  borax  and  salt  of  phosphnrus  to  n  clear 
glass,  which  is  colorless  whea  free  from  iron;  not  acted  upon  by  soda.  The  liuely  pulver- 
ized mineral,  after  long  heating  with  cobalt  solutloD,  gives  a  beautiful  blue  color.  Not 
acted  upon  by  acids,  but  cooverled  into  a  soluble  compound  by  fusion  with  iMlassiuIn 
bisulplinle. 

sift — Characterized  by  its  bardDeis  (scratching  quartz  and  topaz),  by  tis  adamantine 
luster,  Ligb  specific  gravity  and  iufiisihility.  The  massive  variety  with  rbombohedral 
parting  resembles  cleavable  feldspar  but  is  much  harder  and  denser. 

Ob«. — Usually  occut«  in  crysialltne  rocks,  as  granular  limestone  or  dolomite,  gneiss, 
grauiie.  mica  slate,  chlorite  slate.  The  associated  [ninerals  often  iuclude  some  species  of 
the  chlorite  group,  as  procblorite,  coruDdophilile,  margarite,  also  lourmaltne,  spinel. 
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cyaDite.  dinspore,  and  a  series  of  aluminous  miuerals,  in  part  produced  from  its  alteration. 
Occasionally  found  in  ejected  masses  enclosed  iu  younger  volcanic  rocks,  as  ut  Kduigs- 
winter,  Niedermendig.  etc.  Rarely  observed  as  a  coutact-miuerul.  The  fine  sapphires  are 
usually  obtained  from  the  beds  of  rivers,  either  iu  modified  hexagonal  prisms  or  iu  rolled 
masses,  accompanied  by  gmius  of  magnetite,  and  several  kinds  of  gems,  as  spinel,  etc. 
The  emery  of  Asia  Minor,  Dr.  Smith  states,  occui's  in  gmnular  limestone. 

The  best  rubies  come  from  the  mines  in  Upper  Burma,  north  of  Mundalay,  in  iLn  area 
covering  25  to  30  square  miles,  of  which  Mogok  is  the  center.  The  rubies  occur  i?i  situ  iu 
crystalline  limestone,  also  in  the  soil  of  the  hillsides  and  in  gem-bearing  gra\Kel.  Blue 
sapphires  are  brought  from  Ceylon,  often  as  rolled  pebbles,  also  as  well-preserved  crystals. 
Corundum  occurs  m  the  Caniatic  on  the  Malabar  coast,  on  the  Chantibun  hills  iu  Siam, 
And  elsewhere  in  the  East  Indies;  also  near  Canton,  China.  At  St.  Gothard,  it  occurs  of  a 
red  or  blue  tinge  in  dolomite,  and  near  Mozzo  in  Piedmont,  in  white  compact  feldspar. 
Adamantine  spar  is  met  with  in  large  coarse,  hexagonal  pyramids  in  Gellivara,  Sweden. 
Other  localities  are  in  Bohemia,  near  Petschau;  in  the  Ilmen  mountains,  not  far  from 
Miask;  in  the  gold-washings  northeast  of  Zlatoust.  Corundum,  sapphires,  and  less  often 
rubies  occur  in  rolled  pebbles  in  the  diamond  gravels  on  the  Cudgegong  river,  at  Mudgee 
and  other  points  in  New  South  Wales.  Emer^  is  found  in  large  bowlders  at  Naxos,  Nicaria, 
and  Samos  of  the  Grecian  islands;  also  in  Asia  Minor,  12  m.  E.  of  Ephesus,  near  Gumuch- 
dagh  and  near  Smyrna,  Jissociated  with  margarite,  chloritoid,  pyrile. 

In  N.  America,  in  Massiiehusetts,  at  Chester,  with  magnetite,  diaspore,  ripidolite,  mar- 
garite, etc.,  mined  for  use  as  emery.  In  Connecticut,  near  Litchtield.  In  New  York,  at 
Warwick,  bluish  and  pink,  with  spinel;  Amity,  in  gran,  limestone;  emery  with  magnetite 
and  green  spinel  (hercynite)  in  Westchester  Co.,  near  Cruger's  Station,  and  elsewhere."  In 
Ifew  Jersey,  at  Newton,  blue  crystals  in  gran,  limestoue;  at  Vernon.  In  Pennsylvania,  in 
Delaware  Co.,  in  Aston,  near  Village  Green,  in  large  crystals;  at  Mineral  Hill,  in  loose 
cryst.;  in  Chester  Co.,  at  Unionville.  abundant  in  crystals;  in  larse  crystals  loose  in  the  soil 
at  Shimersville,  Lehigh  Co.     In  Virginia,  in  the  mica  schists  of  Bull  Mt.,  Patrick  Co. 

Common  at  many  points  along  a  belt  extending  from  Virginia  across  western  North  and 
South  Carolina  and  Georgia  to  Dudleyviile,  Alabama;  especially  in  Madison,  Buncombe, 
Haywood,  Jackson,  Macon,  Clay,  and  Gaston  counties  in  North  Carolina.  The  localities 
at  which  most  work  has  been  done  are  the  Culsogee  mine,  Corundum  hill,  near  Franklin, 
Macon  Co.,  N.  C  and  26  miles  S.  E.  of  this,  at  fiaurel  Creek,  Ga.  The  corundum  occurs 
in  befis  in  chrysolite  (and  serpentine)  and  hornblendic  gneiss,  a^isociated  with  a  species  of 
the  chlorite  group,  also  spinel,  etc.,  and  here  as  elsewhere  with  many  minerals  resulting 
from  its  alteration.  Some  fine  rubies  have  been  found.  Fine  pink  crystals  of  corundum 
occur  at  Hiawassee,  Towns  Co.,  Georgia.  Iu  Colorado,  small  blue  crystals  occur  in  mica 
schist  near  Salida.  Chaffee  Co.  Gem  sapphires  are  found  near  Helena,  Montana,  in  gold- 
washiugs  and  in  bars  in  the  Missouri  river,  especially  the  Eldorado  bar;  at  Yogo  Gulch  on 
the  Judith  river  and  at  other  points  in  Montana.  In  California,  in  Los  Angeles  Co.,  in  the 
drift  of  San  Francisqueto  Pass.     In  Canada,  at  Burgess,  Ontario,  red  and  blue  crystals. 

HEMATITE.    Eisenglanz,  Oerm. 
Ehombohedral.     Axis  d  =  1-3656. 

cr,  0001  A  toil  =  57**  37'. 
r/,  1011  A  ilOl  =  94**  O'. 
(W,  0112  A  1012  =  64**  51'. 


wu',  1014  A  1104  =  37'  2'. 
nn',  2248  A  2423  =  5r  5^. 
en,    0001  A  2243  =  6V  13'. 


666. 


667. 


668. 


660. 


669. 


Twins:   tw.  pi.  (1)  c,  penetration-twins;   (2)  r,  less  common,  usually  i^ 
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polysynthetic  twinning  lamellae,  producing  a  fine  striation  on  c,  and  giving  rise 
to  a  distinct  parting  or  pseudo-cleavage  ||  r.  Crystals  often  thicK  to  thin 
tabular  ||  c,  and  grouped  in  parallel  position  or  in  rosettes;  c  faces  striated 
II  edge  c/d  and  other  forms  due  to  oscillatory  combination ;  also  in  cube-like 
rhombohedrons;  rhombohedral  faces  u  (10l4)  horizontally  striated  and  often 
rounded  over  in  convex  forms.  Also  columnar  to  granular,  botryoidal,  and 
stalactitic  shapes;  also  lamellar,  laminae  joined  parallel  to  c,  and  variously 
bent,  thick  or  thin ;  also  granular,  friable  or  compact. 

Parting:  c,  due  to  lamellar  structure;  also  r,  caused  by  twinning.  Frac- 
ture subconchoidal  to  uneven.  Brittle  in  compact  forms;  elastic  in  thin 
laminae;  soft  and  unctuous  in  some  loosely  adherent  scaly  varieties.  H.  = 
5'5-6'5.  G.  =  4  9-5*3;  of  crystals  mostly  5"20-5*25;  of  some  compact  varieties, 
as  low  as  4*2.  Luster  metallic  and  occasionally  splendent;  sometimes  dull. 
Color  dark  steel-gray  or  iron-black;  in  very  thin  particles  blood -red  by  trans- 
mitted light;  when  earthy,  red.  Streak  cherry-red  or  reddish  brown.  Opaque, 
except  when  in  very  thin  laminae. 

Vnr.  1.  Specular,     Luster  metallic,  and  crystals  often  splcDdent,  whence  the  name 
specular  iron  (Glauzeisenerz  Oerm.).     When  the  structure   is  foliated   or  micaceous,  the 
ore  is  called  micaceous  hematite  (Eisenglimmer  Germ.):  some  of  the  micaceous  varieties  are- 
8oft  and  unctuous  (Eisenrahm  uerm.).    Some  varieiies  ai*e  magnetic,  but  probably  from 
admixed  magnetite  (Arts.  424,  426). 

2.  Compact  columnar;  or  fibrous.  The  masses  often  lon^  radiating;  luster  submetallic 
to  metallic;  color  brownish  red  to  iron-black.  Sometimes  called  red  hematiU,  to  contrast  it 
with  limouite  and  turgite.    Often  in  reniform  masses  with  smooth  fracture,  called  kidney  ore, 

8.  lied  Ocherous.  Ked  and  earthy.  Reddle  and  red  chalk  are  red  ochcr,  mixed  with 
more  or  less  clay. 

4.  Clay  Iron-stone ;  Argillaceous  hematite.  Hard,  brownish  black  to  reddish  brown, 
often  in  part  deep  red;  of  submetallic  to  unmetallic  luster;  and  affording,  like  all  the 
preceding,  a  red  streak.  It  consists  of  oxide  of  iron  with  clay  or  sand,  and  sometimes  other 
impurities. 

Comp. — Iron  sesquioxide,  Fe,0,  =  Oxygen  30,  iron  70  =  100.  Sometimes 
contains  titanium  and  magnesium,  and  is  thus  closely  related  to  ilmenite, 
p.  336. 

P3rr.,  etc. — B.B.  infusible;  on  charcoal  in  R.F.  becomes  magnetic;  with  borax  gives 
the  iron  reactions.  With  soda  on  charcoal  in  R.F.  is  reduced  to  a  gray  magnetic  metallic 
powder.     Soluble  in  concentrated  hydrochloric  acid. 

Diff. — Distinguished  from  magnetite  by  its  red  streak,  also  from  limonite  by  the  same 
means,  as  well  as  by  its  not  containing  water;  from  turgite  by  its  greater  hardness  and  by 
not  decrepitating  13.B.  It  is  hard  m  all  but  some  micaceous  vnrieties  (hence  easily 
distinguished  from  the  black  sulphides) ;  tilso  infusible,  and  B.B.  becomes  strongly 
magnetic. 

bbs. — This  ore  occure  in  rocks  of  all  ages.  The  specular  variety  is  mostly  confined  to 
crysUilline  or  metamorphic  rocks,  but  is  also  a  result  of  igneous  action  about  some  volcanoes, 
as  at  Vesuvius.  Many  of  the  geological  formations  contain  the  argillaceous  variety  or  ciay 
iron-stone,  which  is  mostly  a  marsh-formation,  or  a  depjosit  over  the  bottom  of  shallow, 
stagnant  water;  but  this  kind  of  clay  iron-stone  (that  giving  a  red  powder)  is  less  common 
than  the  corresponding  variety  of  limonite.  The  beds  that  occur  in  metamorphic  rocks  are 
sometimes  of  very  great  thickness,  and,  like  those  of  magnetite  in  the  same  situation,  have 
resulted  from  the  alteration  of  stratified  beds  of  ore,  originally  of  marsh  origin,  which  were 
formed  at  the  same  time  with  the  enclosing  rocks,  and  underwent  metamorpbism,  or  a 
change  to  the  crystalline  condition,  at  the  same  time. 

Beautiful  crystallizations  of  this  species  are  brought  from  the  island  of  Elba,  which  has 
afforded  it  from  a  very  remote  period ;  the  surfaces  of  the  crystals  often  present  an  irised 
tarnish  and  brilliant  luster.  St.  Oothard  affords  beautiful  specimens,  composed  of  crys- 
tallized tables  grouped  in  the  form  of  rosettes  (Eisenrasen):  near  Limoges,  France,  in  lar/ro 
rryntals;  fine  crystals  are  the  result  of  volcanic  action  at  Etna  and  Vesuvius.  Areodal  To 
Norway.  L&ngbnn  and  Nordmark  in  Sweden,  Framont  in  Lorraine.  Dauphin6.  Binnenthal 
find  Tnvetsrh.  Switzerland,  also  Cleator  Moor  in  Cumberland,  afford  splendid  specimens. 
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Red  hematite  occurs  in  reniform  masses  of  a  fibrous  coDcenlric  structure,  near  UlverstoDe  in 
Lancashire,  iu  Saxouy,  Bohemia,  and  the  Harz. 

In  N.  America,  widely  distributed,  aud  sometimes  in  beds  of  vast  thickness  in  rocks  of 
the  Archteau  age,  as  in  the  upper  peninsula  of  Michigan,  in  the  Marquette  district,  also  in 
Menominee  county  and  west  of  Lake  Agogebic  in  Gogebic  county;  further  through  northern 
Wisconsin,  in  Florence,  Ashland  and  Dodge  pos.,  and  iu  Minnesota  near  Vermilion  lake, 
St.  Louis  Co.;  in  Missouri,  at  the  Pilot  Knob  and  the  Iron  Mtn. 

In  New  York,  in  Oneida,  Herkimer,  Madison,  Wayne  Cos.,  a  lenticular  argillaceous 

Jar.,  constituting  one  or  two  beds  in  the  Clinton  group  of  the  Upper  Silurian;  the  same  iu 
Pennsylvania,  and  as  far  south  as  Alabama;  and  in  Canada,  and  Wisconsin  to  the  west; 
in  Alabama  there  are  extensive  beds;  prominent  mines  are  near  Birmingham.  Besides 
these  regions  of  enormous  beds,  there  are  numerous  others  of  workable  value,  either 
crystallized  or  argillaceous.  Some  of  these  localities,  interesting  for  their  specimens,  are 
in  northern  New  York,  at  Qouverneur,  Antwerp.  Hermon.  Edwards,  Fowler,  Canton, 
etc.;  Woodstock  and  Aroostook,  Me.;  at  Hawley,  Mass..  a  micaceous  variety;  in  North  and 
South  Carolina  a  micaceous  variety  in  schistose  rocks,  constituting  the  so-called  specular 
eehist,  or  itabirite. 

Named  hematite  from  atjua^  blood, 

Martite.  Iron  sesquioxide  under  an  isometric  form,  occurring  in  octahedrons  or 
dodecahedrons  like  magnetite,  and  believed  to  be  pseudomorphous  after  magne  ite;  perhaps 
in  part  also  after  pyrite.  Parting  octahedral  like  magnetite.  Fracture  conchoidal.  H.  = 
^7.  G.  =  4*8  (Brazil)  to  6*3  (Monroe).  Luster  submetallic.  Color  iron-black,  sometimes 
with  a  bronzed  tarnish.  Streak  reddish  brown  or  purplish  brown.  Not  magnetic,  or 
only  feebly  so.  The  crystals  are  sometimes  embedded  in  the  massive  sesquioxiife.  They 
are  distinguished  from  magnetite  by  the  red  streak,  and  very  feeble,  if  any.  action  on  the 
magnetic  needle.  Found  in  the  Marquette  iron  region  south  of  Lake  Superior,  where 
crystals  are  common  in  the  ore;  Monroe,  N.  Y. ;  Digby  Co.,  N.  S.;  at  the  Cerro  de  Mercado» 
Durango,  Mexico,  in  large  octahedrons;  in  the  schists  of  MinasGeraes,  Brazil;  near  Ritters- 
griin.  Saxony. 


ILM£2NIT£S  or  Menaccanite.    Titanic  Iron  Ore. 
Tri-rhombohedral;  Axis  d  =  1-3846. 


661. 


662. 


Titaneisen  Germ, 

cr,  0001  A  1011  =  5r  58i'. 
rr',  lOil  A  1101  =  94"  29'. 
cw.  0001  A  2243  =  61°  33'. 

Crystals      usually      thick 
tabular;    also   acute   rhombo- 
hedral.     Often  in  thin  plates 
or    laminae.     Massive,    com- 
pact; in  embedded  grains,  also  loose  as  sand. 

Fracture  conchoidal.  H.  =  5-6.  G.  =  4*5-5.  Luster  submetallic.  Color 
iron-black.  Streak  submetallic,  powder  black  to  brownish  red.  Opaque. 
Influences  slightly  the  magnetic  needle. 

Comp.,  Var.— If  normal,  FeTiO,  or  FeO,TiO,  =  Oxygen  31-6,  titanium  31-6, 
iron  36*8  =  100.  Sometimes  written  (Fe/ri),0,,  but  probably  to  be  regarded  as 
an  iron  titanate.  Sometimes  also  contains  magnesium  {jncrotitanite),  replacing 
the  ferrous  iron;  hence  the  general  formula  (Fe,Mg)O.TiO,  (Penfield). 

Pyr.,  etc.— B.B.  infusible  in  O.F.,  al though  slightly  rounded  on  the  edires  iu  R.F. 
With  borax  and  salt  of  phosphorus  reacts  for  iron  in  O.F.,  and  with  the  hitter  flux  assumes 
a  more  or  less  intense  brownish  red  color  in  R.F. ;  this  treated  with  tin  on  charcoal  changes 
to  a  violet-red  color  when  the  amount  of  titanium  is  not  too  small.  The  pulverized  mineral, 
heated  with  hydrochloric  acid,  is  slowly  dissolved  to  a  yellow  solution,  which,  filtered  from 
the  undecomposed  mineral  and  boiled  with  the  addition  of  tin-foil,  assumes  a  beautiful  blue 
or  violet  color.     Decomposed  by  fusion  with  bisulphate  of  sodium  or  potassium. 

Diff. — Resembles  hematite,  but  has  a  submetallic,  nearly  black,  streak;  not  magnetic 
like  magnetite. 

Obs. — Occurs,  as  an  accessory  component,  in  many  igneous  rocks  in  grains,  assuming 
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the  place  of  magnetite,  especially  in  gabbros  and  diorites.  In  these  occurrences,  it  is  often 
found  in  veins  or  large  segregated  masses  near  the  borders  of  the  igneous  rock  where  it  is 
supposed  to  have  formed  by  local  dinerenliation  or  fractional  crystnliization  in  the  molten 
mass.  Some  principal  European  localities  are  St.  Cristophe,  Dauphin^  (var.  crichtonitt); 
Minsk  in  the  Ilmen  Mts.  {ilmeniU);  in  the  form  of  sand  at  Meuaccan,  Cornwall  {menaecan- 
iU)\  Gastein  in  Tyrol  (kibdelaphane);  Iserwiese  (uterine).  One  of  the  most  remaikable  is  at 
KragerO,  Norway,  where  it  occurs  in  veins  or  beds  in  diorite,  which  sometimes  afford  crystals 
weighing  over  16  pounds.  Others  are  .Egersund,  Arendal,  tinanim  in  Norway;  St. 
Gothard,  etc. 

Fine  crystals,  sometimes  an  inch  in  diameter,  occur  in  Warwick,  Amitv,  and  Monroe, 
Orange  Co.,  N.  Y.;  Litchfield,  Conn.  {wnshingUmiie).  Vast  deposits  or  beas  of  titanic  ore 
occur  at  Bay  St.  Paul  in  Quebec,  Canada,  in  syenite;  also  in  the  Seignory  of  St.  Francis, 
Beauce  Co.     Grains  are  found  in  the  gold  sand  of  California. 

The  titanic  iron  of  massive  rocks  is  extensively  altered  to  a  dull  white  opaque  substance, 
called  Uucoxene  by  Gtlnibel.    This  for  the  most  part  is  to  be  identified  with  titanite. 

Pyrophanite.  Manganese  titanate,  MnTiOs.  In  thin  tabular  rhombohedral  crystals 
and  scales,  near  ilmenite  in  form  (p.  832).  U.  =  5.  G.  =  4*537.  Luster  vitreous  to  sub- 
metallic.  Color  deep  blood-red.  Streak  ocher-yellow.  From  the  Harstig  mine,  Pajsberg. 
Sweden. 


III.    Intermediate  Oxides. 


The  species  here  included  are  retained  among  the  oxides,  although 
chemically  considered  they  are  properly  oxygen-salts,  aluminates,  ferrates,, 
manganates,  etc.,  and  hence  in  a  strict  classification  to  be  placed  in  section  5. 
of  the  Oxygen-salts.    The  one  well-characterized  group  is  the  Spinel  Group. 


nm  n       m 


Spinel  Group.    ER,0^  or  EO.R.O..    Isometric. 

Spinel  MgO.Al,0. 

Ceylonite  (Mg,Fe)O.Al,0, 

Chlorospinel  MgO.  ( Al,Fe),0. 

Picotite  (Mg,Fe)0.(Al,Cr),0, 

Hercynite  FeO.Al.O, 

Oahnite     (Automolite)  ZnO.Al,0, 

Dysluite  (Zn,Fe,Mn)0.(Al,Fe),0, 

Kreittonite  (Zn,Fe,Mg)0.(Al,Fe),0, 

Magnetite  FeO.Fe.O, 

(Fe,Mg)O.Fe,0. 

Magnesioferrite  MgO.Fe,0, 

Franklinite  (Fe,Zn,Mn)0.(Fe,Mn),0, 

Jacobsite  (Mn,Mg)0.(Fe,Mn),0. 

Chromite  FeO.Cr,0, 

(Fe,Mg)0.(Cr,Fe),0. 

The  species  of  Spinel  Group  are  characterized  by  isometric  crystallization, 
and ,  further,  the  octahedron  is  throughout  the  common  form.  All  of  the  species 
are  hard;  those  with  unmetallio  luster  up  to  7*5-8,  the  others  from  5*5  to  6*5. 
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8PINBL. 


Isometric.    Usaally  in  octahedrons,  rarely  cubic.      Twins:    tw.-pl.   and 

comp.-face  o  common  (Fig.  663),  hence 
^^^'  ^^^  often    called    spmeUtioins ;   also   re- 

peated and  polysynthetic,  producing 
tw.  lamellae. 

Cleavage:  o  imperfect.  Fracture 
conchoidal.  Brittle.  H.  =8.  G.  = 
3'5-41.  Luster  vitreous;  splendent 
to  nearly  dull.  Color  red  of  various 
shades,  passing  into  blue,  green,  yellow, 
brown  and  black;  occasionally  almost 
white.  Streak  white.  Transparent  to 
tiearly  opaque.     Refractive  index:  nj  ~  1*7155  Na,  Dx. 

Comp.,  Tar. — Magnesiuih  aluminate,  MgAl,0^  or  MgO.Al,0,  =  Alumina 
71*8,  magnesia  28*2  =- 100.  The  magnesium  may  be  in  part  replaced  by 
ferrous  iron  or  manganese,  and  the  aluminium  by  ferric  iron  and  chromium. 

Var. — RuBT  Spinel  or  Magnesia  Spinel. — Clear  red  or  reddish ;  tninsparent  to  trans- 
luceot;  sometimes  subtranslucent.  G.  =  8*68-8*71.  Composition  normal,  with  little  or  no 
iron,  and  sometimes  chromium  oxide  to  which  the  |red  color  has  been  nscribed.  The 
varieties  are:  (a)  Spinel-Ruby,  deep  red;  {b)  BaUu-Buhy,  rose-red;  {c)  Rubicelle,  yellow  or 
oranj^e-red;  (d)  Almandine,  violet. 

Cetlonitb  or  PleonasU,  Iron^Magnena  Spinel.-^ColoT  dark  green,  brown  to  black, 
mostly  opaque  or  nearly  so;  G.  =  8*5-^*6.  Contains  iron  replacing  the  magnesium  and 
perhaps  also  the  aluminium,  hence  the  formula  fMg,Fe)0.  Al«Os  or  ^Mg,Fe)0.(A],Fe)aOs. 

Chlorobpinkl  or  Magnesia-Iron  Spinel. — Color  grass  green,  owing  to  the  presence  of 
copper;  G.  =  3*591-8*594.     Contains  iron  replacing  tne  aluminium,  MgO.(Al,Fe)sOs. 

PicoTiTB  or  Chrome-Spinel. — Contains  chromium  and  also  has  the  magnesium  largely 
replaced  by  iron.  {Mg,Fe)0.(Al,Cr)»08,  hence  lying  between  spinel  proper  and  chromite. 
O.  =  4*08.    Color  dark  yellowish  brown  or  greenish  brown.     Translucent  to  nearly  opaque. 

Pyr  ,  etc. — B.B.  alone  infusible.  Slowly  soluble  in  borax,  more  readily  in  salt  of 
phosphorus,  with  which  it  gives  a  reddish  bead  while  hot,  becoming  faint  chrome-green 
on  cooling.  Black  varieties  give  reactions  for  iron  with  the  fluxes.  Soluble  with  difliculty 
in  concentrated  sulphuric  acid.     Decomposed  by  fusion  with  potassium  bisulphate. 

Diflf. — Distinguished  by  its  octahedral  form,  hardness,  and  infusibility;  zircon  has  a 
higher  specific  gravity;  the  true  ruby  (p.  338)  is  harder  and  is  distinguislied  optically; 
garnet  is  softer  and  fusible. 

Obs.— Spinel  occurs  embedded  in  granular  limestone,  andt^ith  calcite  in  serpentine, 
gneiss,  and  allied  rocks.  Ruby  spinel  is  a  common  associate  of  the  true  ruby.  Common 
spinel  is  often  associated  with  chondrodite.  It  also  occupies  the  cavities  of  masses  ejected 
from  some  volcanoes.  Spinel  (common  spinel,  also  picotite  and  chromite)  occurs  as  an 
accessory  constituent  in  many  basic  igneous  rocks,  especially  those  of  the  peridotite  group  ; 
it  is  the  result  of  the  crystallization  of  a  magma  very  low  in  silica,  high  in  magnesia  and  con- 
tainiiig  alumina:  since,  as  in  many  of  the  peridotitcs  alkalies  are  absent,  feldspars  cannot 
form,  and  the  AUOs  and  Cr^Os  (also  Fe^Oa  perhaps)  are  compelled  to  form  spinel  (or  corun- 
dum).    The  serpentines  which  yield  spinel  are  altered  peridotitcs. 

In  Ceylon,  in  Siam,  and  other  eastern  countries,  occurs  of  beautiful  colors,  as  rolled 
pebbles;  in  upper  Burma  with  the  ruby  (cf.  p.  334).  Pleonaste  is  found  at  Candy,  in 
Ceylon;  at  Aker,  in  Sweden,  a  pale  blue  and  ]>earl  gray  variety  in  limestone:  small  black 
splendent  crystals  occur  in  the  ancient  ejected  masses  of  Monte  Somma;  also  at  Pargas. 
Finland,  with  chondrodite,  etc  ;  in  compact  gehlenite  at  Monzoni,  In  the  Fassa  valley. 

From  Amity,  N.  Y.,  to  Andover.  N.  J.,  a  distance  of  about  30  miles,  is  a  region  of 
granular  limestone  and  serpentine,  in  which  localities  of  spinel  abound;  colors,  green, 
black,  brown,  and  less  commonly  red,  along  with  chondrodite  and  other  minerals. 
Localities  are  numerous  about  Warwick,  and  also  at  Monroe  and  Cornwall:  Gouverneur, 
a  m.  N.  and  }  m.  W.  of  Somerville,  St.  Lawrence  Co.;  green,  blue,  and  occasionally  red 
^varieties  occur  at  Bolton,  Boxborough.  etc..  Mass.  Franklin,  N.  J.,  affords  crystals  of 
yarious  shades  of  black,  blue,  green,  and  red;  Newton,  Sterlincr.  Sparta.  Hamburgh  and 
Vernon,  N.  J.,  are  other  localities.     With  the  corundum  of  North  Carolina,  as  at  the 


Culsague  mtDe.  near  Ftaaklln,  Macon  Co.;  similarly  at  Dudlerrllle,  Alabama.  Spiuel 
ruby  ikt  Oolii  Bluff,  Humboldt  Co.,  Cat. 

Good  black  spinel  is  found  io  BurgeM,  Ontario;  ablulshspinelhavluga  rough  cubic  form 
occurs  at  Wakeaeld,  Ottawa  Co.;  blue  wit li  clintouiteut  Duilleboul.  Jollette  Co.,  Quebec. 

Hflroynlte.  Iron  Bplnel,  FeAltO..  Isouietrlc;  masaive,  tlae  granular  H,  =:  T'5-8. 
O.  =  ^'91-8  95.  Culor  black.  From  Ronsberg,  at  Ibe  eastern  foot  of  llie  BObmerwald. 
A  related  iion-alumina  spiuel,  wltU  about  9  p.  c.  MgO,  occurs  wltb  niagDelileaDdcoruudum 
in  Cortlandt  township,  Weatcbesier  Co.,  N.  Y. 

GAHtnTB.     Zinc-Spinel. 

Isometric.  Habit  octahedral,  often  witn  faces  striated  iedgft  d/o;  also 
less  commonly  in  dodecahedrons  and  modified  cubes.     Twins:  tw.-pl,  o. 

Cleavage:  o  indistinct.  Fracture  conchoidal  to  uneven.  Brittle.  H.  = 
7'5-8.  G.  =  40— 1'6,  Luster  vitreous,  or  somewhat  greasy.  Color  dark  green, 
gi'ayiah  green,  deep  leek-green,  greenish  black,  bluish  black,  yellowish,  or 
grayish  brown;  streak  grayish.     Sub  transparent  to  nearly  opaque. 

Comp.,  Var. — Zinc  aluiniuate,  ZnAl,0,  =  Alumina  SS'T,  zinc  oxide  44 -3  = 
100.  The  zinc  is  sometimes  replaced  by  manganese  or  ferrous  iron,  the 
aluminium  by  ferric  iron. 

Var.— ArTOMOLiTE,  or  Zine  (Joilniltf.—ZnAliO.,  with  aomelimcB  a  little  iron.  Q.  =  41- 
4-6.     Colors  as  iibove  given. 

Dybluitii,  or  Zinc-Mangantt»-Iron  ffoAniK*.— (Za,Fe,Mu}0.(Al,Fe),Oi.  Color  yellow- 
isli  brown  or  grayish  brown.     Q.  =  4-4 'G. 

Kreittonite,  or  Zinelron  (JoAntttf.— {ZnFe,Me)0.(Al,Fe}iOt.  In  crystals,  and 
gmuular  massive.  H.  =  7-S.  G.  =  4 -48-4 '89.  Color  velvet-black  lo  grctiDlsk  black; 
powder  grayish  ereen.     Opaque. 

Pyr.,  etc.— Gives  a  coating  of  zino  oxide  when  treated  wlih  a  mixture  of  borax  aod 
sodu  on  charcoal;  otherwise  like  spinel. 

Ob».— OccutB  In  talcose  schist  at  Ffilun.  Sweden  {nutomoUte);  at  TIriola,  Cnlnbria;  at 
Bodenmaia,  Bavaria  [kreiUonita];  Minus  Geraes,  Bnixil.  In  the  U.  B.,at  FTaukliu  Furnace, 
N.  J.,  with  frnnklinite  and  wlllemiie;  also  at  Sterling  Hill,  N.  J.  (dytluiU);  wiih  pyrile  at 
Howe,  MBBs.:Bta  feldspar  quarry  In  Delaware  Co.,  Penu.;  sparingly  at  the  Deake  mica 
mine,  Mitchell  Co.,  N.  C;  at  the  Canton  Mine,  Georgia;  with  galena,  ch alco pyrile,  pyrlte 
at  tbe  Cotopaxi  mine,  Chaffee  Co.,  Colo. 

^Named  after  the  Swedish  chemist  Oabo.  The  name  Automolile,  of  Ekeberg,  Is  from 
avToiiokoi,  a  de»»rter,  alluding  to  tlie  fact  of  the  sine  occnrriug  in  an  unexpected  place. 

MAQNEITITE.     Magnetic  Iron  Ore.     Magneteisenstein,  Magneleisenerz. 
Isometric.     Most  commonly  in  octahedrons,  also  in  dodecahedrons  with 
faces  striated  |  edge  d/o  horn,  oscillatory  combination;  in  dendrites  between 
MB.  667.  668. 


?lates  of   mica  ;    crystals  sometimes'  highly  modified  ;    cubic  forms  rare, 
'wins :    tw.-pl.  o,  sometimes   as  polysynthetic  twinning  lamelhe,  producing 
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striutioDs  on  an  octahedral  face  and  often  a  pseudo-cleavage  (Fig.  456,  p.  136). 
Massive  with  laminated  structure;  granular,  coarse  or  fine;  impalpable. 

Cleavage  not  distinct ;  parting  octahedral,  often  highly  developed. 
Fracture  subconchoidal  to  uneven.  Brittle.  H.  =  5-5-6-5.  6.  =  5-168-5-180 
crystals.  Luster  metallic  and  splendent  to  submetallic  and  rather  dull.  Color 
iron-black.  Streak  black.  Opaque,  but  in  thin  dendrites  in  mica  nearly 
transparent  and  pale  brown  to  black.  Strongly  magnetic;  sometimes  possess- 
ing polarity  (lodestone). 

n    in 

Comp.,  Var. — FeFe,0^  or  FeO.Fe,0,  =  Iron  sesquioxide  69*0,  iron  protoxide 
31-0=  100;  or,  Oxygen  27*6,  iron  72  4  =  100.  The  ferrous  iron  sometimes 
replaced  by  magnesium,  and  rarely  nickel;  also  sometimes  contains  titanium 
(up  to  6  p.  c.  TiOJ. 

Var.— Ordinary, — (a)  In  crystals,  (b)  Massive,  with  pseudo-cleavage,  also  granular, 
coarse  or  fine,  (c)  As  loose  sand,  {d)  Ocherous:  a  black  enrtby  kind.  Ordinary  mugnetite 
is  attracted  by  a  magnet  but  bus  no  power  of  attracting  panicles  of  iron  itself.  The  property 
of  polarity  which  distinguishes  the  lodestone  (less  properly  written  loadstone)  is  exceptional. 

MagneHan,  Talk-Eisenerz. — G.  =  4'4l-4*42;  luster  submetallic;  weak  magnetic;  in 
crystals  from  Sparta,  N.  J.,  and  elsewhere. 

Manganesian, — Containing  8'8  to  68  p.  c.  manganese  (Manganmagnetite).  From 
Vesler  Silfberg,  Sweden. 

Pyr.,  etc.— B.B.  very  difficultly  fusible.  In  O.P.  loses  its  influence  on  the  mngnct. 
With  the  fluxes  reacts  like  hematite.     Soluble  in  hydrochloric  acid. 

Diff. — Distinguished  from  other  members  of  the  spinel  group,  as  also  from  garnet,  by  its 
being  attracted  by  the  magnet,  as  well  as  by  its  high  specilic  gravity ;  f ranklinite  and  chromite 
are  only  feebly  magnetic  (if  at  all),  and  have  a  brown  or  blackish-brown  streak;  also,  when 
massive,  by  its  black  streak  from  hematite  and  limonite;  much  harder  than  tetrahediite. 

Obs.— Magnetite  is  mostly  confined  to  crystalline  rocks,  and  is  most  abundant  in  meta- 
morphic  rocks,  though  widely  distributed  also  in  grains  in  eruptive  rocks.  In  ihe  Archoean 
rocks  the  beds  are  of  immense  extent,  and  occur  under  the  same  conditions  as  those  of 
hematite.  It  is  an  inirredient  in  most  of  the  massive  variety  of  corundum  called  emery. 
The  earthy  magnetite  is  found  in  bogs  like  bog-iron  ore.  Occurs  in  meteorites,  and  forms 
the  crust  of  meteoric  irons. 

Present  in  dendrite-like  forms  in  the  mica  of  ninny  localities  following  the  direction  of 
the  lines  of  the  percussion -figure,  and  perlm]>s  of  secondary  orijrin.  A  common  alteration- 
product  of  minerals  containing  iron  protoxide,  e.g.,  present  in  veins  in  the  serpentine 
resulting  from  altered  chrysolite. 

The  beds  of  ore  at  Arendnl,  Norway,  and  nearly  all  the  celebrated  iron  mines  of 
Sweden,  consist  of  massive  niucnetite,  ns  at  Dnnncmora  and  the  Taberg  in  Smdland.  Falun, 
in  Sweden,  and  Corsicii,  afford  octahedral  crystjils.  embedded  in  chlorite  slate.  Splendid 
dodecahedral  crystals  occur  at  Nordmark  in  Wcrmlaiid.  The  n»ost  jowerful  native 
magnets  are  found  in  Siberia,  and  in  the  Harz;  they  are  also  obtained  on  the  island  of 
Elba.  Other  localities  for  the  crystallized  mineral  are  Traversella  in  Piedmont;  Achma- 
tovsk  in  the  Ural;  Scalotta,  near  Predazzo,  in  Tyrol,  also  Rothenkopf  and  Wildkreuzjoch; 
the  Binnentlial,  Switzerland. 

In  N.  America,  it  constitutes  vast  beds  in  the  Archaean,  in  the  Adirondack  region. 
Warren,  Essex,  and  Clinton  Cos.,  in  Northern  N.  York,  while  in  St.  Lawrence  Co.  the  iroQ 
ore  is  mainly  hematite;  fine  crystals  and  masses  showine:  broad  parting  surfaces  and  3'ield- 
ing  large  pseudo-crystals  are  obtained  at  Port  Henry,  Essex  Co.;  similarly  in  New  Jersey; 
in  Canada,  in  Hull,  Grenville,  Madoc,  etc. ;  at  Cornwall  in  Pennsylvania,  and  Magnet 
Cove,  Arkansas.  It  occurs  also  in  N.  York,  in  Saratoga,  Herkimer,  Orange,  and  Putnam 
Cos.;  at  the  Tilly  Foster  iron  mine,  Brewster,  Putnam  Co..  in  crystals  and  massive  accom- 
panied by  cbondrodite.  etc.  In  N.  Jersey,  at  Hamburg,  near  Franklin  Furnace  and  else- 
where. In  Penn.,  at  Goshen,  Chester  Co.,  and  at  the  French  Creek  mines:  delineations 
forming  hexagonal  figures,  in  mica  at  Pennsbury.  Good  lodestones  are  obtained  at  Magnet 
('Ove.  Arkansas.  In  California,  in  S^'erra  Co..  abundant,  massive,  and  in  crystals;  in 
Plumas  Co.;  and  elsewhere.     In  "Washington,  in  large  deposits 

Named  from  the  loc.  Magnesia,  bordering  on  Macedonia.  But  Pliny  favors  Nicander*s 
derivation  from  Magnes.  who  first  discovered  it.  as  the  fable  runs,  by  finding,  on  taking  his 
herds  to  pasture,  that  the  nails  of  his  shoes  and  the  iron  ferrule  of  his  staff  adhered 
to  the  ground. 
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FRANKIilNTTB. 


Isometric.  Habit  octahedral;  ed^es  often  rounded,  and  crystals  passing 
into  rounded  grains.     Massive,  granular,  coarse  or  fine  to  compact. 

Pseu  do -cleavage,  or  parting,  octahedral,  as  in  magnetite.  Fracture  con- 
choidal  to  uneveu.  Brittle.  H.  =  5-5-6-5.  6.  =  507-5-22.  Luster  metallic, 
sometimes  dull.  Color  iron-black.  Streak  reddish  brown  or  black.  Opaque. 
Slightly  magnetic. 

Comp.— (Fe,Zn,Mn)0.(Fe,Mn),0„  but  varying  rather  widely  in  the  relative 
<)uautities  of  the  different  metals  present,  while  conforming  to  the  general 
formula  of  the  spinel  group. 

Pyr.,  etc.— B.B.  infusible.  With  borax  in  O.F.  gives  a  reddish  amethystine  bead 
(manganese),  and  in  R.F.  this  becomes  bottle-green  (iron).  With  soda  gives  a  bluish.green 
mauganate.  and  on  charcoal  a  faint  coating  of  zinc  oxide,  which  is  much  more  marked 
when  a  mixture  with  borax  and  soda  is  used.  Soluble  in  hydrochloric  acid,  sometimes 
with  evolution  of  a  small  amount  of  chlorine. 

Diflf.— Resembles  magnetite,  but  is  only  slightly  attracted  by  the  magnet,  and  has  a  dark 
brown  streak;  it  also  reacts  for  zinc  on  charcoal  B.B. 

Obs.— Occurs  in  cubic  crystals  near  Eibach  in  Nassau:  in  amorphous  masses  at  Alten- 
berg,  near  Aix-la-Chapelle.  Abundant  at  Mine  Hill,  Franklin  Furnace,  N.  J.,  with  willem- 
ite  and  zincite  in  granular  limestone;  also  at  Sterling  Hill,  two  miles  distant,  associated 
with  willemite. 

Magnesioferrite.  Magnoferrite.  MgFe04.  In  octahedrons.  H.  =  6-6'5.  6.  =  4*568- 
4*654.  Luster,  color,  and  streak  as  in  magnetite.  Strongly  magnetic.  Formed  about  the 
f  umaroles  of  Vesuvius,  and  especially  those  of  the  eruption  of  1855. 

Jacobsite.  (Mn,Mg)0.(Fe,Mn)«Os.  Isometric;  in  distorted  octahedrons.  H.  =  6.  6.= 
4*75.  Color  deep  black.  Magnetic.  From  Jakobsberg,  in  Nordmark,  Wermland,  Sweden; 
also  at  L&ugban. 

OHROMrm. 

Isometric.    In  octahedrons.    Commonly  massive;  fine  granular  to  compact. 

Fracture  uneven.  Brittle.  H.  =  5"5.  G.  =  4'32-4'57.  Luster  submetallic 
to  metallic.  Color  between  iron-black  and  brownish  black,  but  sometimes 
yellowish  red  in  very  thin  sections.  Streak  brown.  Translucent  to  opaque. 
Sometimes  feebly  magnetic. 

Comp. — FeCr,0^  or  FeO,Cr,0,  =  Chromium  sesquioxide  68'0,  iron  protoxide 
32-0  =  100. 

The  iron  may  be  replaced  by  magnesium ;  also  the  chromium  by  aluminium 
and  ferric  iron.  The  varieties  containing  but  little  chromium  (up  to  10  p.  c.) 
are  hardly  more  than  varieties  of  spinel  and  are  classed  under  picotite,  p.  338. 

Pyr.,  etc.— B.B.  in  O.F.  infusible;  in  R.F.  slljjhtly  rounded  on  the  edges,  and  becomes 
mugnetic.  With  borax  and  salt  of  phosphorus  gives  beads  which,  while  hot,  show  only  a 
reaction  for  iron,  but  on  cooling  become  chrome-green;  the  green  color  is  heightened  by 
fusion  on  clinrcoal  with  metallic  tin.  Not  acted  upon  by  acios,  but  decomposed  by  fusion 
^ith  potassium  or  sodium  bisulphate. 

Diflf.— Bistinpuished  from  magnetite  by  feebly  magnetic  properties,  streak  and  by  yield- 
ing the  reaction  for  chromic  acid  with  the  blowpipe. 

Obs. — Occurs  in  serpentine,  forming  veins,  or  in  embedded  masses.  It  assists  in  giving 
the  variegated  color  to  verde-antique  marble.  Not  uncommon  in  meteoric  Irons,  sometimes 
in  nodules  as  in  the  Coahuila  iron,  less  often  in  crystals  (Lodran). 

Occurs  in  the  Gulsen  mountains,  near  Kraubat  in  Styria;  in  crystals  in  the  islands  of 
TTnst  and  Fetlnr,  in  Shetland:  in  the  province  of  Trondhjem  in  Norway;  in  the  Department 
du  Var  in  France;  in  Silesia  and  Bohemia;  abundant  in  Asia  Minor;  in  the  Eastern  and 
Western  Urals;  in  New  Caledonia,  affording  ore  for  commerce. 

At  Bnltimore,  Md.,  in  the  Bare  Hills,  in  veins  or  masses  in  serpentine;  also  in  Mont- 
«omerv  Co..  etc.  In  Pennsylvania,  Chester  Co.,  near  Unionvllle.  abundant;  at  Wood's 
mine,  near  Texas,  Lancaster  Co.,  very  abundant    Massiye  and  in  crystals  at  Hoboken,  N. 
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Twine:  tw.  pi.  p(031),both  contsct- and  penetration-twiria;  ofteu  repeated 
aad  forming  pseudo-nezagonal  crystals  with  or  without  re-entrant  angjea  (Fig, 
357,  p.  123).  CryetaU  generally  tabular  y  o.  Face  a  striated  vertically,  in 
twins  a  feather-like  striation  (Fig.  670). 

Cleavage:  i(011)  quite  distinct;  ^imperfect;  a  more  so.  Fracture  uneven 
to  conchoidal.  Brittle.  H.  —  SS.  G.  =  3'5-3-84.  Luster  vitreous.  Color 
aeparagiia.green,  grass-green,  emerald -green,  greenish  white,  and  yellowish 
green;  greenish  brown;  vellow;  sometimes  raspberry-  or  columbine-red  by 
transmitted  light.  Streak  uncolorcd.  Transparent  to  tranalucetit.  Some- 
times a  bluish  opalescence  or  chatoyancy,  and  asteriated.  Pleochroic,  vibra- 
tions I  b  (=  J)  orange-yellow,  c  (=  (f)  emerald-green,  a  (=  d)  columbine-red. 
Optically +.     Ax.  pi.  (ft.     BxJ.c.     /3  =  1-7484.     2E  =  84°  43'. 

Var.  I.  Ordinory.— Color  palegrteu,  being  colored  by  Iron;  also  yellow  nnd  traosparent 
and  then  used  as  n  geiD. 

2.  AUtfnndTiU.~C<AoT  emerald -gree a.  but  columbine- red  by  trnnsmitted  ligbt:  valued  as 
a  gem.  Q.=  3-644,  mean  of  resnTts.  Supposed  to  be  colored  by  ibromiuin.  Crystals 
often  very  lurge.  and  in  twins,  like  Fig.  357.  either  aix-sldcd  or  six-rayed. 

3,  Vat' f-ege.^Coloi  grcenisb  and  cxbibillng  a  line  cbatoynitt  effect;  from  CeyloD. 
Comp,— Beryllium    aluminate.    BeAl,0,  or    BeO.Al,0,  =  Alumina    80-2, 

glucina  19-8  =  100. 

Pyr.,  etc.— B.B.  alone  unaltered:  witli  soda,  tbe  surface  is  merely  rendered  dull.  With 
bornx  or  suit  o(  pbosphorus  fuses  witli  great  difflcnliy.  'With  cobalt  solnlion,  llie  powdered 
miueml  gives  a  bhiisli  color.     Not  attacked  by  aciils, 

Diflf.— Di'itiuguislied  by  ils  eitremo  hardness,  greater  than  tliat  of  topaz-  by  its  iofusl- 
bilitv;  also  characterized  by  its  tabular  cryatalliaitlon.  in  conlnst  wilh  bervl. 

ObB.— In  Slinas  Geiaea,  Brazil,  and  also  in  Ceylon,  in  rolled  pebbles;  fit,  Marschendorf 
in  Mom  via.  In  tbe  Ural,  85  versts  from  Ekaterinburg,  in  mica  slale  with  bervl  and  phenacite, 
tlie  variety  aUxandriU;  in  the  Orenburg  district,  8.  Ural,  yellow;  In  il'ie  Mourne  Mis., 
Ireland. 

lu  the  U.  9,,  at  Haddam.  Cl..  in  graoite  Iraversing  gneiss,  witb  tourmaline,  eamet, 
beryl;  at  Gi-eenlleld,  near  Saratoga,  N,  Y..  with  tourmaline,  camel,  and  npiilile;  Norway, 
He.,  in  granite  with  garnet;  also  at  Stonebam,  with  fllirojlie,  etc. 

Ohrymberyl  Is  from  j/ji'ctoS,  golden.  ffij^vWui.  btryl.  Cymopluine,  from  xviia,  fwrw, 
and  ipaivBo,  appear,  iilliides  to  a  peculiar  opalescence  the  cryslnis  sometimes  exhibit. 
Atexandrile  is  afler  Ihe  Czar  of  Russia.  Alexander  I. 

Hausmannlte.  Mii.O.  or  MtiO.MjOi.  In  letnigonal  octahedrons  and  twins  (Fig.  376, 
p.  125);  also  granular  massive,  particles  strongly  rolierent.  H.  =  6--S-5.  O.  =  4-8S6.  Lustei 
BubmetsDIc.  Color  biownisli  black.  Streak  cheatuul-lirown.  Occurs  near  Itmenau  la 
Tburingia;  Ilefeld  in  the  Harz;  Pilipstad,  LAngban,  Nordmark,  In  Sweden. 
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Minium.  Mennige  Germ.  PbaO^  or  2PbO  PbOa.  Pulverulent,  as  crystalline  scales. 
G.  =  4*t$.  Color  vivid  red,  mixed  with  yellow;  streak  oruuge-yellow.  Occurs  at  Bleialf 
iu  the  Eifel;  Badenweiler  in  Baden,  etc. 

Orednerite.  CuaMn«0»  or  8Cu0.2MD90t.  Foliated  crystalline.  H.  =  4*5.  G.  =  4  9- 
51.  Luster  metallic.  Color  iron-black  to  steel-gray.  Streak  black,  brownish.  From 
Friedrichsrode. 

Pseadobrookite.  Probably  Fe4(Ti04)s.  Usually  in  minute  orthorhombic  crystals, 
tabular  |  a  and  often  prismatic  \b,  G.  =  4*4-4*98.  Color  dark  brown  to  black.  Streak 
ocher-yellow.  Found  with  hypersthene  (szaboite)  in  cavities  of  the  audesite  of  Aranver 
Berg,  Transylvania,  and  elsewhere;  on  recent  lava  (1872)  from  Vesuvius;  at  Havredal, 
Bamle,  Norway,  embedded  in  kjerulfine  (wagnerite)  altered  to  apatite. 


BRAHNmi. 

Tetragonal.  Axis  t  =  0*9850.  Commonly  in  octahedrons,  nearly  isometric 
in  angle  (pp'  =  70°  7').     Also  massive. 

Cleavage :  p  perfect.  Fracture  uneven  to  subconchoidal.  Brittle.  H.  =  6- 
6*5.  G.  =  4'75-4'82.  Luster  submetallic.  Color  dark  brownish  black  to  steel- 
gray.    Streak  same. 

Comp.— SMn^Oj-MnSiO,  =  Silica  10*0,  manganese  protoxide  11*7,  man- 
ganese sesquioxide  78*3  =  100. 

Pyr..  etc. — B.B.  infusible.  With  borax  and  salt  of  phosphorus  gives  an  amethystine 
l)ead  in  O.F.,  becoming  colorless  in  R.F.  With  soda  gives  a  bluish-green  bead.  Dissolves 
in  hydrochloric  acid  evolving  chloriue,  and  leaving  a  residue  of  gelatinous  or  flocculent  silica. 
(Rg.).    Marceline  gelatinizes  with  acids 

Ob«. — Occurs  in  veins  traversing  porphyry,  at  Oehrenstock,  near  Ilmenau;  near  Ilefeld 
in  the  Harz;  St.  Marcel  in  Piedmont;  at  Elba;  at  Botuedal,  Upper  Tellemark,  in  Norway; 
at  the  manganese  mines  of  Jakobsberg,  Sweden,  also  at  L&ngban,  and  at  the  Sj5  mine» 
Grythyttan.  Orebro.     ifar(^»n« (heterocliue)  from  St.  Marcel,  Piedmont,  is  impure  braunite. 

Bizbyite.  Essentially  FeCMnO,  In  black  isometric  crystals.  H.  =  6-6.5.  G.  =: 
4*945.    Occurs  with  topaz  in  cavities  in  rhyolite;  from  Utah. 


IV.  Dioxides,  RO,. 
Riitile  Group.     Tetragonal. 


Cassiterite 

SnO, 

0-6723 

Entile 

TiO, 

d 
0-6442 

Polianite 

MnO, 
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Plattnerite 

PbO, 

0-6764 

Tlie  RuTiLE  Group  includes  the  dioxides  of  the  elements  tin,  manganese, 
titanium,  and  lead.  These  compounds  crystallize  in  the  tetragonal  system 
with  closely  similar  angles  and  axial  ratio;  furthermore  in  habit  and  method 
of  twinning  there  is  much  similarity  between  the  two  best  known  species 
included  here. 

With  the  Rutile  Group  is  also  sometimes  included  Zircon,  ZrO^  SiOu;  h  =  0-6404. 
In  this  work,  however.  Zircon  is  classed  among  the  silicates,  with  the  allied  species  Thorite. 
ThOa.SiO,,  h  =  0-6402. 

A  tetragonal  form,  approximating  closely  to  that  of  the  species  of  the  Rutile  Group, 
belones  also  to  a  number  of  other  species,  ns  Sellaite,  MgF,;  Tapiolite,  Fe(Ta,Nb)aO«; 
Xenotime,  YPO4,  etc. 

It  may  be  added  that  ZrOs,  as  the  species  Baddeleyite,  crystallizes  in  the  monoclinic 
system. 
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OASSITBRITB.    Tln-sloDe,  Ttn  Ore.    Zloiutela  Qerm. 
Tetragonal.     Axis  i  =  0-6723. 

«11.  872. 


,  101  A  on  =  W  28'. 

'.  101  A  101  =  er  BV. 

,   111  A  ill  =  68"  IV. 

'.  Ill  A  iii  =  sr  r. 


nu,  no  A  111  =  W  8T. 
m',  8S1  A  281  =  20°  581'. 
IP".  821  A  821  =  61*  43', 


Twins  common:  tw.  pi.  e,  both  contact-  and  penetration  twins  (Eig.  673, 
also  Fig.  373,  p.  124);  often  related.  Crystals  low  pyramidal;  also  prismatic 
and  acntely  terminated.  Often  in  reniform  shapes,  structure  fibrous  divergent; 
also  massive,  granular  or  impalpable ;  in  rolled  grains. 

Cleavage:  a  imperfect;  s  (111)  more  so;  »i  hardly  distinct.  Fracture 
inbooncboidal  to  uneven  Brittle.  H.  =  6-7.  G.  =  6-8-71.  Luster  ada- 
mautine,  and  crystals  usually  splendent.  Color  brown  or  black;  sometimes 
red,  gray,  white,  or  yellow.  Streak  white,  grayish,  brownish.  Nearly  trans- 
pareut  to  opaque.     Optic^ly  -\-.     Indices:  (Oj  =  1-9966,  e^  =  2-0934. 

Vax.—Oi'diiiaTy.  Tln-slone.     In  ci-yslsls  aod  massive. 

Wood-tin  (Holziiniierz  Oerm.).  In  bolryoldul  and  rcniform  shapcB,  concentric  In  slruc- 
ture,  Aod  radiiired  fibrous  iiiternallj,  altbnugli  very  compael.  wjib  ILe  color  broiviiisli.  of 
mixed,  all  ad  es,  loiikiihg  somewhnl  like  dry  wood  Id  its  colors,  Toad's-eye  tin  is  tlie  same,  on 
B  smaller  acale.     Stream  tin  Is  the  ore  in  tbe  state  of  sand,  as  it  occurs  aloug  tbe  beds  of 

Comp.— Tin  dioxide,  SnO,  =  Oxygen  21'4,  tin  78'6  =  100.  A  little  Ta,0. 
is  sometimes  present,  also  Fe,0,. 

Pyr.,  etc.— B,B.  alone  unallered.  On  cbftrcoal  wllb  soda  reduced  lo  melBllic  liD,  and 
frives  a  wbite  coatJUK.  With  the  fluxes  sometimes  gives  rcactioDS  Tor  Iron  and  maDgaacse. 
Only  !<llglill.v  lifted  upon  by  acids. 

Dtff.— DistinLtilsiied  by  its  higb  spcciflc  ^avity.  bardoesa,  Infusibittly.  nud  by  lis  yield- 
ing metallic  ttii  B  B, ;  resembles  some  varieties  of  garnet,  spbalerlte,  and  black  touruiulluc, 
Sjieeific  irravily  (BS)  bigber  tban  tbal  of  rutile  (4):  wolframite  is  easily  fusible. 

Obi.— Occur*  in  veins  traversing  grnnttc,  gneiss,  mica  scblst,  cblorile  or  clay  schist,  and 
porpbyry:  also  in  finely  reticulated  veins  forming  tbe  oredeposits  called  stockwoiks,  or 
simply  impregnating  tbe  enclosing  mck.  Tbe  commonly  associated  minerals  are  quariz. 
wolfiiimtli'.  acbeeiile;  also  mica,  topaz,  toiimiBline.  apallle,  fluorite;  furlber  pyrile,  urseuo- 
pyrile.  spbaleritc;  molybdenite,  nntlve  bismuth,  etc. 

Formerly  very  abundant,  now  less  so.  in  Cornwall.  Id  fioe  crystals,  and  also  as  wood-tin 
and  ttraiiii-lin  :  In  Devotisliire,  near  Tavistock  and  elsewberi.':  in  pBcuilomoipbs  nfier 
feldspar  at  Wheid  Coates.  near  Bt,  Agues.  Cornwall;  In  fine  rryslals,  often  twins,  iit 
Sclilackenwald,  Qraupen,  Joaclilmstlial,  etc..  in  Bolicmia.  and  at  Zlnnwald,  Ebrenfriedi  rs- 
dorf.AIlenberg,  etc.,  fn  Saxony;  at  Limoges  in  splendid  crystals;  Sweden,  at  Finbo;  Finland, 
at  PItkaranta. 

In  the  E.  Indies,  on  tbu  Malay  peninsula  of  Malacca  and  tbe  neighboring  islands.  Banca. 
and  Bllitong  near  Borneo,  In  New  South  Wales  abundant  over  an  area  ol  8500  sij.  inlleB, 
also  in  Victoria,  Queinslnnd  and  Tasroauin.  In  Bolivia ;  Meiico,  in  Dumugo ;  also 
Guanajuato,  Zacalecaa,  Jalisco. 
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III  the  United  States,  in  Maine,  sparingly  at  Paris,  Hebron,  etc.  In  Mass.,  at  Chesterfield 
Siud  Goshen,  rare.  In  N.  Ilamp.,  at  Jackson.  In  Virginia,  on  Irish  Creek,  Rockbridge 
Co..  with  wolframite,  etc.  In  Alabama,  in  Coosa  Co.  In  S.  Dakota  near  Harney  Peak  and 
near  Custer  City  in  the  Black  Hills,  where  it  has  been  mined.  In  Wyoming,  in  Crook  Co. 
In  Montana,  near  Dillon.     In  California,  in  San  Bernardino  Co.,  at  Temcscal. 

Polianite.  Manganese  dioxide.  MnOs.  In  composite  parallel  groupings  of  minute 
crystals;  also  forming  the  outer  shell  of  crystals  having  the  form  of  mauganite.  H.  =  6-6*5. 
G.  =  4*992.  Luster  metallic.  Color  light  steel-gray  or  iron-gray.  Streak  black.  From 
Plattcn,  Bohemia.  It  is  distinguished  from  pyrolusite  by  its  hardness  and  its  anhydrous 
character.    Like  pyrolusite  it  is  often  a  pseudomorph  after  manganite. 

RUTIIiB. 

Tetragonal.    Axis  6  =  0-64415. 


I' 
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-4-25.  Trans- 
illary  crystals. 
Fr,  (or  Venus 

.  .  , , w oulur  crystals  of 

hematite;  also  somewhat  similarly  on  magnetite. 

Ferriferous,  (a)  Nigrine  is  black  in  color,  whence  the  name;  contains  2  to  8  p.  c.  of 
Fe.Os  {b)  Ilmenorntile  is  a  black  variety  from  the  Ilmen  Mts.,  containing  up  to  10  p.  c. 
or  more  of  FeaOs.     G.  =  507  -  5*13 

P3rr.,  etc.— B  B.  infusible.  With  salt  of  phosphorus  gives  a  colorless  bead,  which  in 
R.F.  assumes  a  violet  color  on  cooling.  Most  varieties  contain  iron,  and  give  a  brownish- 
yellow  or  red  \^m\  in  R.F.,  the  violet  only  iippearing  after  treatment  of  the  bead  with 
metallic  tin  on  charcoal.    Insoluble  in  acids;  made  soluble  by  fusion  with  an  alkali  or 
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OAS8ITBBITE.    TlQ-aloue,  Tin  Ore.    ZinDsteiD  Oerm. 
Tetragonal.     Axis  6  =  0-6723. 

671.  073. 
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In  Bolivia ;  Mexico,  io  Duraugo ;  also 
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In  Ibe  United  States,  in  Mnine.  spsrlngly  at  Paris,  Hebroa,  etc.  In  Xom.,  at  Cheslerfleld 
«iid  GmUen,  rare.  Id  N.  Ilamp..  at  Jackson.  In  Virginia,  on  Irisli  Creek,  Rockbridge 
Co..  wllh  wulfmmlte,  etc.  In  Alabama,  in  Coosa  Co.  lu  S.  Dakota  near  Harney  Peak  and 
near  Cuater  City  In  the  Black  HtlU.  nliere  It  lias  been  mined.  In  Wyoming,  in  Crook  Co. 
Id  Montana,  ueur  Dillon.     In  California,  in  San  Bernardiuo  Co.,  at  Temescui. 

FolUntte.  Hauganese  dioxide,  MnOi.  In  composite  parallel  groupings  of  minute 
ciTiUla;  alsoformingtUeouler  sLel]  of  crystals  having  Ihc  form  of  mauganlle.  H.  =6-6-5. 
O.  =4'EHI2.  Luster  metallic.  Color  liglil  steel-gray  or  iron-Envy.  Streak  black.  From 
Flatten.  Bolieiiiia.  H  is  dtsilnguislied  from  pyroluslte  by  its  linnlness  and  Its  auliydroua 
cbaracier.    Like  pyroluslte  it  is  often  a  pseudoraorph  after  manganlie. 

BTITIIA. 

Tetragonal.     Axis  (s  =  0-64415. 

a74.  tf76. 


=  86°  M'.  «".  in  A  in  =  58°  53;'. 

«'.    101aOI1  =  «''    3'.  m".  Ill  A  ill  =  84°  40'. 

M",   101  A  iOl  =  65°  84f .  l(,  813  A  183  =  29°    6', 

Twins:  tw.  pi.  (1)  e,  often  geniculated  (Fig.  676);  also  contact-twins  of 
very  varied  habit,  sometimes  sixlings  and  eightlings  (Fig.  361,  p.  123;  Fig. 
375,  p.  124).  (2)  w(301)  rare,  contact-twina  (Fig.  377,  p.  125).  CrystalB 
commonly  prismatic,  vertically  striated  or  furrowed;  often  slender  acicnlar. 
Occaaionally  compact,  massive. 

Cleavage:  n  and  m  distinct;  s  in  traces.  Fracture  subconclioidal  to 
uneven.  Brittle.  H.  =  6-6-5.  G.  =4-18-4-25;  also  to  5-2.  Lii  s  term  e  tall  ic- 
adamantine.  Color  reddish  brown,  passing  into  red;  sometimes  yellowish, 
bluish,  violet,  black,  rarely  grass-green;  by  transmitted  light  deep  red. 
Streak  pale  brown.  Transparent  to  opaque.  Optically  -|-.  Eefractive  indices 
high :  a>  =  36158,  «^  =  2*9029  for  Na.  Birefringence  very  high.  Sometimes 
abnormally  biaxiah 

Comp..  Tar.— Titanium  dioxide,  TiO,  =  Oxygen  40-0,  titanium  60-0  =  100. 
A  little  iron  is  usually  present,  sometimes  up  to  10  p.  c. 

Tar.  — Ordinary.     Brownish  red  anil  oilier  shades,  not  black.     G.  =  4-1B-4-3B.     Ttans- 

Krenl  inmnz  (tagenilt)  is  sumetimes  penetrsled  thickly  with  aclcular  or  capillary  crystals. 
itk  smoky  qunrtz  penetrated  with  the  ncicutar  rutlle  !s  the  Fieches  d'amoiir  Fr.  (or  Venus 
hairatone).  Aclcular  crystals  often  implanted  In  parallel  position  on  tabular  crystals  of 
hematite:  also  somewhat  similarly  on  magnetite. 

Ferriferous,  (a)  Nigrine  Is  black  in  color,  whence  the  name:  coatalns  9  to  8  p.  c.  of 
Fe,Oi  {b)  UmtnoruliU  is  a  black  variety  from  the  Ilmen  Hts..  containing  up  to  10  p.  c. 
or  more  of  FcO,.     G   =  507  -  518 

Pyr.,  ato.— B  B.  infusible.  With  salt  of  phosphorus  gives  a  colorlesa  bead,  which  to 
R.P.  assumes  a  violet  color  on  coollni;.  Most  varieties  contain  Iron,  and  give  a  brownish- 
yellow  or  red  beiid  In  R.F.,  the  violet  only  nppearing  after  Ireatment  of  the  bead  with 
— — '""  •' — 1  charcoal.    Insoluhle  In  acids;  made  soluble  by  fusion  with  an  alkali  or 
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alkaline  carbonate.    The  solution  containing  an  excess  of  acid,  with  the  addition  of  tin-foil^ 
gives  a  beautiful  violet  color  when  concentrated. 

Diff.— Characterized  by  its  peculiar  sub- adamantine  luster  and  brownish-i*ed  color. 
Differs  from  tourmaliue.  vesuvianiie,  augite  in  beiug  entirely  uualtered  when  heated  alone 
B.B.     Specific  gmvity  about  4,  of  cassiterite  6 '5. 

Obs.— Kutile  occurs  in  granite,  gneiss,  mica  slate,  and  syenitic  rocks,  and  sometimes  in 
granular  limestone  and  dolomite;  common,  as  a  secondary  product,  in  the  form  of  microliter 
fn  many  slates.  It  is  generally  found  in  embedded  crystals,  often  in  masses  of  quartz  or 
feldspar,  and  frequently  in  acicular  crysUils  penetrating  quartz;  also  in  phlogopite  (wh.  see), 
and  has  been  observed  in  diamond.  It  has  also  been  met  with  in  hematite  and  ilmenite,. 
rarely  in  chromite.     It  is  common  in  grains  or  fragments  in  many  auriferous  sands. 

Prominent  localities  are:  Arendal  and  Krager5  in  Norway;  Horrsjfiberg,  Finland,  with 
lazulite  and  cyaniie;  Saualpe.  Carinthia;  in  the  Urals;  in  Tyrol;  at  St.  Gothard  andBiunen- 
thal,  Switzerland;  at  Yrieux,  near  Limoges  in  France;  atOhlapian  in  Transylvania,  nigrine^ 
in  pebbles;  in  large  crystals  in  Perthshire,  Scotland;  in  Donegal  Co.,  Ireland. 

In  Maine,  at  Warren.  In  Vermont,  at  Waterbury;  also  in  loose  bowlders  in  middle  and 
northern  Vermont,  acicular.  some  specimens  of  great  beauty  in  transparent  quartz.  In  MiiS9. . 
at  Barre,  in  gneiss;  at  Shelburne,  in  mica  slate.  In  N.  York,  in  Orange  Co.,  Edenville;  War- 
wick; E.  of  Amity.  In  Penn,,  at  Sudsbury,  Chester  Co.,  and  the  adjoining  district  in  Lan- 
caster Co.;  at  Parksburir,  Concord,  West  Bradford,  and  Newliu,  Chester  Co.;  at  the  Poor 
House  quarry,  Chester  Co.  In  N.  Jersey,  at  Newton,  with  spinel.  In  N.  Car.,  at  Crowder's 
Mountain:  at  Stony  Point,  Alexander  Co.,  in  splendent  crystals.  In  Georgia,  in  Habersham 
Co.;  in  Lincoln  Co.,  at  Graves'  Mountain,  with  lazulite  in  large  and  splendent  crysUils.  In 
Arkansas,  at  Magnet  Cove,  commonly  in  twins,  with  brookite  and  perovskite.  also  as 
parnmorphs  after  brookite. 

Plattnerite.  licad  dioxide.  PbOa.  Rarely  in  prismatic  crystals,  usually  massive. 
H.  =  5-5*5.  G.  =  8*5.  Luster  submetallic.  Color  iron-black.  Streak  chestnut-brown. 
From  Leadhills  and  Wanlockhead,  Scotland.  Also  at  the  "As  You  Like"  mine,  Mullan, 
CoBur  d'Alene  Mts. ,  Idaho. 

Baddele3rite.  Zircon  dioxide,  ZrOa.  In  tabular  monoclinic  crystals.  H.  =  65.  G.  = 
6*5-6  0.  Colorless  to  yellow,  brown  and  black.  From  Ceylon;  also  Jacupiranga,  Brazil 
{hraziliU)  where  it  is  associated  with  nrkelite,  (Ca.Fe)0.2(Zr,Ti,Th)Oa. 


679. 


OOTAHEDRITB.     Anatase. 
Tetragonal.     Axis  d  =  1-7771. 

677.  678.  Commonly  octahedral   in  habit, 

either  acute  (p,  111),  or  obtuse 
(v,  117);  also  tabular,  c  predomi- 
nating; rarely  prismatic  crystals; 
frequently  highly  modified. 

ee',  101  aOII  =  76°  5'. 
ee",  101  A  101  =  12r  16', 
pp\  111  A  III  =  82**  9'. 
pp'\  111  A  111  =  136%'^>6'. 
zz',  113  a  113=  54°  r. 
tP'     117  a  117=    2r  89'. 

Cleavage:  can (1  ;?  perfect.  Frac- 
ture subconchoidal.  Brittle.  II.  =  5*5-6.  G.  =  3-82-305;  sometimes  4*11- 
4*16  after  heating.  Luster  adamantine  or  metallic-adamantine  Color  various 
shades  of  brown,  passing  into  indigo-blue,  and  black:  greenish  yellow  by 
transmitted  light.  Streak  uncolored.  Transparent  to  nearly  opaque.  Optf- 
cally  — .  Birefringence  rather  high.  Indices:  ojy  =  2*554,  ey  =  2'493. 
Sometimes  abnormally  biaxial. 

Comp.— Titanium  dioxide,  TiO,  =  Oxygen  40*0,  titanium  60*0  =  100. 

Pyr.,  etc. — Same  as  for  nitile. 

Obs.— Most  abundant  at  Bourg  d'Oisans,  in   Daupliine,   with  feldspar,  axinite,  and 
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ilmenite;  near  Hof  in  the  Fichtelgebirge;  Norway;  the  Unils;  in  chlorite  in  Devonshire, 
near  Tnvistock;  with  brookite  at  Tremadoc,  in  iforth  Wales;  in  Cornwall,  near  Liskeaid 
and  at  Tintagel  Cliffs;  in  Brazil  in  quartz,  and  in  detached  crystals.  In  Switziiland  in  the- 
Binneuthal  the  variety  toiserine,  long  supposed  to  be  xenotime;  also  Cavradi,  Tavetsch; 
Kauris,  Salzburg,  in  tue  Eastern  Alps ;  also  at  Plitsch  Joch. 

In  the  U.  States,  at  the  Dexter  lime  rock,  Smithfield,  K.  I.,  in  dolomite;  in  the  wash- 
ings at  Briudletown,  Burke  Co.,  N.  C,  in  transparent  tabular  crystals. 


Orthorhombic.     Axes  a:i:i  =  0'8416  :  1 :  0-9444. 
680.  681. 


682. 


£  /    I 


m 


m 


./// 


mm  \  110  A  no  =  80**  lO*.  ee^,    122  A  122  =  44"  28'. 

w',        112  A  112  =  53"  48'.  e«"'.  122  A  122  =  78"  57'. 

Z2"\      112  A  112  =  44"  46'.  me,  110  A  122  =  45"  42'. 

Only  in  crystals,  of  varied  habit. 

Cleavage:  m  indistinct;  c  still  more  so.  Fracture  subconchoidal  to  un« 
even.  Brittle,  H.  =  5 '5-0.  G.  =  3'87-4'08.  Luster  metallic-adamantine 
to  submetallic.  Color  hair-brown,  yellowish,  reddish,  reddish  brown,  and 
translucent;  also  brown  to  iron-black,  opaque.  Streak  uncolored  to  grayish 
or  yellowish.     Optical  characters,  see  p.  225. 

Comp. — Titanium  dioxide,  TiO,  =  Oxygen  40*0,  titanium  600  =  100. 

P3rr. — Same  as  for  nitile. 

Obs. — Occurs  at  Bourg  d'Oisaus  in  Dauphine;  at  St.  Gotbnrd,  with  albite  and  quartz;. 
Madcrancr  Thai,  Switzerland;  in  tbe  Ural,  district  of  Zlatoust,  near  Miask,  and  in  the 
gold-washings  in  the  Sanarka  river  and  elsewhere:  at  Fronolen,  near  Tremndoc,  Wnles. 

In  the  U.  8..  in  thick  black  crystals  (arkansite)  at  Magnet  Cove,  Ozark  Mts.,  Arkansas^ 
with  eloeolite,  black  garnet,  schorlomite.  rutile,  etc.;  in  small  crystals  from  the  gold- 
washings  of  North  Carolina;  at  the  lend  mine  at  Ellenville,  Ulster  Co.,  N.  Y.,  on  quartz^ 
with  chalcopyrite  and  gnlena;  at  Paris,  Maine. 

Named  after  the  English  mineralogist.  H.  J.  Brooke  (1T71-1857). 


PYROLU8ITB. 

Orthorhombic,  but  perhaps  only  pseud omorphous.  Commonly  columnar^ 
often  diyersfent;  also  granular  ma.ssive.  and  frequently  in  reniform  coats. 

Soft,  often  soilin.ff  the  fingers.  H.  =  2-2*5.  G.  =  4;73-4-86.  Luster 
metallic.  Color  iron -black,  dark  steel-gray,  sometimes  bluish.  Streak  black 
or  bluish  black,  sometimes  submetallic.     Opaque. 

Comp. — Manganese   dioxide.   MnO,,   like   polianite   (p.  345).     Commonly 

contains  a  little  water  (2  p.  c),  it  having  had   usually   a   pseudomorphous 

origin  (after  manganite). 

It  is  uncertain  whrther  pyrolusite  is  an  independent  species,  witli  a  crj'stalline  form  of 
its  own.  or  only  a  secondary  mineral  derived  chiefly  from  the  dehydration  of  manganite; 
also  from  polianite  (Breith.).  Pseudomorphous  crystals  having  distinctly  the  form  of 
manganite  are  common. 
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Pyr.,  etc. — Like  polianite,  but  most  varieties  yield  some  water  in  the  closed  tube. 

Diff. — Hardness  leas  thau  that  of  psitouielaoe.  Differs  from  iron  ores  in  its  reactiou  for 
muDguuese  B.B.  Easily  distinguished  from  psilomelane  by  its  inferior  hardness,  and 
usually  by  being  crystalline.     Its  streak  is  black;  that  of  mai^ganite  is  more  or  less  brown. 

Obs. — This  ore  is  extensively  worked  at  Elgersberg  near  Ilmenau,  and  other  places  in 
Thuiingia;  at  Vorderehrensdorf  in  Moravia;  at  Flatten  in  Bohemia,  and  elsewhere;  near 
Johanugeorgenstadt;  at  Hirschberg  in  Westphalia;  Matzka,  Transylvania;  in  Australia;  in 
Indi?i. 

Occurs  in  the  United  States  with  psilomelane,  abundantly  in  Vermont,  at  Brandon,  etc.; 
at  Plainlield  and  West  Stockbridge,  Mass. ;  Augusta  Co.,  Virginia;  Pope,  Pulaski,  Mont- 
gomery Cos..  Arkansas.  In  New  Brunswick,  7  m.  fr.  Bathurst.  In  Nova  IScotia,  at  Teny 
Cape;  at  Walton,  etc. 

The  name  is  from  nvp,  fire,  and  Xov^iv,  to  toaih,  because  used  to  discharge  the  brown 
and  green  (FeO)  tints  of  glass;  and  for  the  same  reason  it  is  whimsically  entitled  by  the 
French  le  iavon  ae  verriers. 


B.  Hydrous  Oxides. 

Among  the  hydrous  oxides  the  Diaspore  Group  is  well  characterized. 
Here  belong  the  hydrates  of  aluminium^  iron  and  manganese.     The  general 

ni 

formula  is  properly  written  RO(OH).  The  three  species  here  included  are 
orthorhombic  in  crystallization  with  related  angles  and  axial  ratios;  this  rela- 
tion is  deviated  from  by  manganite  in  the  prismatic  zone. 

Another  less  prominent  group  is  the  Brucitb  Group,  including  the 
rhombohedral  species  Brucite,  Mg(OH),  and  Pyrochroite,  Mn(OH). 

Gibbsite,  Al(OH),,  and  Sassolite^  B(0H),9  are  also  related,  and  further 
Hydrotalcite  and  Pyroaurite. 

Diaspore  Group.     EO(OH)  or  E,0,.H,0.     Orthorhombic. 

d  :  h  :  d  - 

a 

Diaspore  Al,0,.n,0  0-9372  :  1  :  0  6039  or  0-6443 

Gothite  re,0,.H,0  0-9185  :  1  :  06068  or  0-6606 

Manganite  Mn,0,.H,0  0*8441  :  1  :  0-5448  or  0-6463 

DIASPORE. 

Orthorhombic.  Axes:  a  :h  :  d  =  0-9372  :  1  :  0-6039.  Crystals  prismatic, 
mm'"  =  86°  17';  usually  thin,  flattened  ||  b;  sometimes  acicufar.  Also  foliated 
massive  and  in  thin  scales;  sometimes  stalactitic. 

Cleavage:  b  eminent;  h  (210)  less  perfect.  Fracture  conchoidal,  very 
brittle.  H.  =  6*5-7.  G.  =  3*3-3-5,  Luster  brilliant;  pearly  on  cleavage-face, 
elsewhere  vitreous.  Color  whitish,  grayish  white,  greenish  gray,  hair-brown, 
yellowish,  to  colorless.  Pleochroic.  Transparent  to  subtranslucent.  Optically 
-j-.  Birefringence  high.  Ax.  pi.  ||  b.  Bx  J_  a.  Dispersion  p  <v,  feeble. 
2Hay=  103°  53'.     /?=  1-722. 

Comp.— AIO(OU)  or  A1,0,.H,0  =  Alumina  85-0,  water  15-0  =  100. 

P3nr.,  etc. — In.  the  rlosed  tube  usually  decrepitates  stronply.  separating  into  white 
pearly  scales,  and  at  a  hi^h  temperature  yields  water.  Infusible;  with  cobalt  solution 
gives  a  deep  blue  color.  Not  attacked  by  acids,  but  after  ignition  soluble  in  sulphuric 
acid. 

Diflf.— Distinguished  by  its  hardness  and  pearly  luster;  also  (B.B.)  by  its  decrepitation 
and  yielding  wat«r;  by  the  reaction  for  alumina  with  cobalt  solution.  Resembles  some 
varieties  of  hornblende,  but  is  harder. 

Obs. — Commonly  found  with  corundum  or  emery.  Occurs  near  Kossoibrod,  in  the 
Ural;  at  Schemnitz,  Hungary;   with  corundum  in  dolomite  at  Campolongo,  Tessin,  in 
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Swltzeriantl:  Grelner  In  the  Zillerlbal. 
NewliD,  Cliesier  Co..  Pa.;  ut  ibe  erne 
Gorundiim  at  Ibe  CulssKve  niiup,  near 
forming  rock  mastea  at  Hi.  Robinson,  '. 
Named  byHa&ylrom  Siatritfipfty 
the  blowpipe. 


In  the  U.  5..  nltb  corundum  and  umrgiirile  at 
T  mines  of  CLesIer,  Mass. ;   in  cavities  iu  iiuibbIto 
Fmukliu,  Macon  Co.,  N.  Caroliiiu;   wiib  uluulte 
kisita  Hills,  Colorado. 
to  Kalter,  alluding  to  tbe  usual  decrepitalion  iKforu- 


OOTHITB. 
Orthorhombic. 


Axes  d:liii==  0-9185  : 1  :  0-6068. 


mm'",  110  A  liO  =  85°  8'.       j^.     Ill  A  111  =  68°  5S'. 

««",   Oil  A  Oil  =  62*  aC.      pp'".  111  A  111  =  53'  43". 

In  prisms  vertically  striated,  and  often  flattened  into 
scales  or  tables  ||  b.  Also  fibrous;  foliated  or  in  scales;  mas- 
sive, reniform  aod  stalactitic,  with  concentric  and  radiated 
structure. 

Cleavage :  b  yery  perfect.  Fracture  uneven.  Brittle. 
H.  =  5-.'i-o.  G.  =  4-0-4-4.  Luster  imperfect  adamantine. 
Color  yellowish,  reddish,  and  blackish  brown.  Often  blood* 
re<I  by  transmitted  light.  Streak  brownish  yellow  to  ocher- 
yellow. 

Tu-. — In  tbln  scale-like  or  tabular  crystals,  usuallv  atlached  by  c 


edge. 


octcular  or  capillary  (not  Heiible)  crystals,  or  sleuder  prisms,  often  ra<)iaiely  grouped:  the 
NeedU-IrojuiOM.  It  passes  ioto  n  variety  with  a  velvety  surface:  the  FrHbramite  {fSammet- 
bUndt)  of  Pribram  is  of  this  kind.     Also  columnar.  Qbrous,  etc.,  as  atrove. 

Comp — FeO(OH)  or  Fe,0,.H,0  =  Oxygen  2T'0,  iron  62-9,  water  101  =  100, 
or  Iron  sesquioiide  89-9,  water  lO'l  —  100. 

Pf  r.,  etc. — Tn  the  closed  tube  gives  off  water  and  is  converted  iulo  red  iron  aesqui- 
oxide.  With  the  fluxes  like  hematite:  most  vailelieg  ?ive  a  mnuganese  reaction,  and  some, 
treated  in  tlie  forceps  In  O.F..  after  moisienfng  in  sulpbiiHc  acid.  Impart  a  blulah-greeD 
color  to  the  flame  (phosplinric  acid).     Soluble  in  hydrochloric  iicld. 

DI&. — Dlatlngmsbeo  from  hematite  by  Its  yellow  streak;  from  ilmonlte  by  ciyrtatllDe 
nature;  it  also  contains  less  water  than  limonlte. 

Obi. — Found  with  the  other  oiides  of  Iron,  especially  hemalile  or  llmonite.  Occnrs. 
at  Elserfetd  near  Siegen.  in  Nassau:  at  Clifton,  near  Bristol,  England;  in  Cornwall. 
In  tiie  U.  B.,  at  the  Jackson  Iron  mine,  Negaunee,  L.  Superior:  In  Conn.,  at  Salisbury; 
tn  Penu..  near  Euton:  tnothe  Pike's  Penk  region.  Colorado.  Named  QothiU  (Goethite> 
after  the  poel-philoaopher  Ooethe  (1749-1832). 

MANaANTTB. 
Orthorhombic.    Axes  d:l:i^  0-8441  :  1  :  0-5448. 

684.  «86.  AA"',     410  a  4l0  =  28'  W. 

no  A  lio  =  80°ao'. 

205  A  205  =  28°  87. 

Oil  A  Oil  =  r,r  \v. 
Ill  A  iu  =  t,r  sj'. 


pp". 


feet.      Fracture    uneven.      Brittle. 


Crystals  commonly  prismatic,  th» 
faces  deeply  striated  vertically;  often 
grouped  in  bnndJeB.  Twins :  tw.  pi. 
e  (Oil).     Also  columnar;  stalactitic. 

Cleavage :  b  very  perfect ;  m  per- 
il. =  4.     G.  =  4-2-4  4.      Luster    sub- 


metallic     Color  dark  steel-gray  to  iron-black.     Streak  reddish  brown,  some- 
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times  nearlyblack.     Opaque;  in  minute  splinters  sometimes  brown  by  trans- 
mitted light. 

Conip.— MnO(OH)  or  Mn,0,.H,0  =  Oxygen  27*3,  manganese  62-4,  water 
10*3  =  100,  or  Manganese  sesquioxide  89*7,  water  10*3  =  100. 

Pyr.,  etc. — lu  llie  closed  lube  yields  water;  manguuese  reactious  wiib  the  fluxes,  p.  268. 

Obs. — Occurs  at  Ilefeld  iu  the  Hurz;  llmenau  iu  ThuriDgia;  Cornwall,  at  various 
places;  also  in  CuniberlaDd,  etc.  Iu  the  L.  Superior  miuiug  region  ai  the  Jackson  mine, 
i^^egaunee;  Devil's  Head,  Douglas  Co.,  Colorado.  Iu  Nova  Scoiia,  ai  Cheverie,  Hants  Co., 
4iud  Waltou.     In  New  Brunswick,  at  Shepody  mountain.  Albert  Co.,  etc. 


lilMONITB.    Brown  Hematite.    Brauneisensteiu  Oerm, 

Not  crystallized.  Usually  in  stalactitic  and  botryoidal  or  mammillary 
forms,  having  a  fibrous  or  subfibrous  structure;  also  concretionary,  massive; 
^nd  occasionally  earthy. 

H.  =  5-5*5.  G.  =  3-6-40.  Luster  silky,  often  subnietallic;  sometimes 
4ull  and  earthy.  Color  of  Surface  of  fracture  various  shades  of  brown,  com- 
monly dark,  and  none  bright;  sometimes  with  a  nearly  black  varnish-like 
•exterior;  when  earthy,  brownish  yellow,  ocher-yellow.  Streak  yellowish 
brown.     Opaque. 

Var.— (1)  Compact,  Submetallic  to  silky  in  luster;  often  stalactitic.  botryoidal.  etc. 
<incl.  brauner  Glaskopf  Oerm,),  (2)  Oeheroits  or  earthy,  brownish  yellow  to  ocher-yellow, 
often  impure  from  the  presence  of  clay,  sand,  etc.  (3)  Bog  ore.  The  ore  from  marshy 
places,  generally  loose  or  porous  in  texture,  often  petrifying  leaves,  wood,  nuts,  etc. 
i4)  Brown  elay'tronsUme,  in  compact  masses,  often  iu  concretionary  nodules. 

Comp.— 2re,0,.3H,0  =  Oxygen  25-7,  iron  59*8,  water  14*5  =  100,  or  Iron 
sesquioxide  85*5,  water  14*5  =  100.  In  the  bog  ores  and  ochers,  sand,  clay, 
phosphates,  oxides  of  manganese,  and  humic  or  other  acids  of  organic  origin 
^re  very  common  impurities. 

Pjrr.,  etc.— Like  ^6thite.  Some  varieties  leave  a  siliceous  skeleton  in  the  salt  of  phos- 
phorus bead,  aud  a  siliceous  residue  when  dissolved  in  acids. 

Diff.— Distinguished  from  hematite  by  its  yellowish  streak,  inferior  hardness,  and  its 
reaction  for  water.  Does  not  decrepitate  B.B.,  like  turgite.  Not  crystallized  like  gOthite 
and  yields  move  water. 

Obs. — In  all  cases  a  result  of  the  alteration  of  other  ores,  or  minerals  containing  iron, 
through  exposure  to  moisture,  air,  and  carbonic  or  organic  acids;  derived  largely  from  the 
change  of  pyrite.  magnetite,  siderite,  ferriferous  dolomite,  etc.;  also  various  species  (as 
mica,  pyroxene,  hornblende,  etc.).  which  contain  iron  iu  the  ferrous  stjile  (Fed.  It  cou- 
sequently  occupies,  as  a  bog  ore,  marshy  places,  into  which  it  has  been  borne  by  streamlets 
from  the  hills  around.  It  is  often  associated  with  manganese  ores.  Limonite  is  a  common 
ore  in  Bavaria,  the  Harz,  Luxembourg.  Scotland.  Sweden,  etc. 

Abundant  in  the  United  States  Extensive  beds  exist  at  Salisbury  and  Kent,  Conn., 
tilso  in  the  nciehboring  towns  of  New  York,  and  iu  a  similar  situation  iu  Berkshire  Co., 
Mass.,  and  in  Vermont;  in  Pennsylvania  widely  distributed;  also  in  Tennessee,  Alabama, 
Ohio.  etc. 

Named  Liinonite  from  XeificDv,  meadow. 

Turgite.  Hydrohematite.  Fe4H207  or  2FeaOi.HaO.  Resembles  limonite  but  has  a 
red  streak.  G.  =  414-4  6.  Decrepitates  B  B.  From  the  Turginsk  mine  in  the  Ural,  etc.; 
«l80  from  Salisbury,  Conn.     Intermediate  between  hematite  and  limonite. 

Xanthosiderite.  Gelbeisensteiu.  Fea03.2HaO.  In  fine  needles  or  fibers,  stellate  and 
concentric;  also  as  an  ocher.  Color  golden  yellowish,  brown  to  brownish  red.  Associated 
with  manganese  ores  at  llmenau,  etc. 

BAUZTTB.    Beauxite. 

In  round  concretionary  disseminated  grains.  Also  massive,  o51itic;  and 
-earthy,  clay-like.  G.  =  2-55.  Color  whitish,  grayish,  to  ocher-yellow,  brown, 
and  red. 
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Var.— 1.  In  coDcretionarv  mins,  oroOlilic;  bauxite.  1  Clay-like,  toocheiniU;  the  purer 
Itind  grayi8h.clHy-like,coDtaiDiDg  v^ery  little  iron  oxide;  also  red  from  tbeiroD  oxide  preseut. 

Cornp Essentially  A1,0,.3H  0  =  Alumina  73-9,  water  261  =  100;  some 

analyses,  however,  give  A1,0,.H,0  like  diaspore. 

Iron  sesquioxide  is  usually  present,  sometimes  iu  large  amount,  iti  part  rcplaciug 
alumina,  iu  part  only  an  impurity.  Silica,  phospboric  acid,  carbonic  acid,  lime,  magnesia 
are  common  impurities. 

Obs. — From  Baux  (or  Beaux),  near  Aries,  and  elsewhere  in  France,  disseminated  in 

f rains  in  compact  limestone,  and  also  o5litic.  WocheiniU  occurs  in  Carniola,  between 
'eistritz  and  Lake  Wochein.  The  purest  bauxite  is  used  for  the  manufacture  of  alumin- 
ium (aluminum),  and  is  called  aluminium  ore.  In  the  U.  8.,  bauxite  occurs  in  Saline  and 
Pulaski  Cos.,  Arkansas;  also  in  Cherokee  and  Calhoun  Cos,  Alabama,  and  in  Floyd. 
Barton  and  Walker  Cos.,  Georgia. 


Brucite  Group.     B(OH),.     Bhombohedral. 
BRUOITB. 

Rhombohedral.     Axis  t  =  1*5208;  cr  =  60°  20^',  rr[  =  97°  37^. 
.   Crystals  usually  broad  tabular.     Also  commonly  foliated  massive;  fibrous, 
fibers  separable  and  elastic. 

H.  =  2  5.  G.  =  2 •38-2*4.  Cleavage:  c  eminent.  Folia  separable  and 
flexible,  nearly  as  in  gypsum.  Sectile.  Luster  ||  c  pearly,  elsewhere  waxy  to 
Titreous.  Color  white,  inclining  to  gray,  blue,  or  green.  Transparent  to 
translucent.     Optically  +.     Indices:  <Wr  =  1-559,  6^=  15795. 

Comp.»  Tar. — Magnesium  hydrate,  Mg(OH),  or  MgO.H,0  =  Magnesia 
459*0,  water  3rO  =  100.     Iron  and  manganese  protoxide  are  sometimes  present. 

Var. — Ordinary,  occurriug  in  plates,  white  to  pale  greenish  in  color;  strong  pearly 
luster  on  the  cleavage  surface.  Nemalite  is  a  librous  variety  containing  4  to  5  p.  c.  iron 
protoxide,  with  G.  =  2*44  Nuttall.  Manganbrueiie  contains  manganese;  occurs  granular; 
<;olor  honey -yellow  to  brownish  red. 

Pyr.,  etc.— In  the  closed  tube  gives  off  water,  becoming  opaque  and  friable,  sometimes 
turning  gray  to  brown;  the  manganesian  variety  becomes  dark  brown.  B.B.  infusible, 
glows  with  a  bright  light,  and  the  ignited  mineral  reacts  alkaline  to  test-paper.  With 
•cobalt  solution  gives  the  pale  pink  color  of  magnesia.  The  pure  mineral  is  soluble  in 
acids  without  efi^rvescence. 

Diff. — Distinguished  by  its  infusibility,  softness,  cleavage,  and  foliated  structure.  Is 
harder  than  talc  and  differs  in  its  solubility  in  acids;  the  magnesia  test  and  optical  characters 
separate  it  from  gypsum,  which  is  also  somewhat  softer. 

Obs.— Accompanies  other  raagnesian  minerals  in  serpentine,  also  found  in  limestone.  At 
Swinaness  in  Unst,  Shetland  Isles;  at  the  iron  mine  of  Cogne,  Aosta,  Italy;  near  Filipstadt 
in  Sweden.  At  HolK)ken.  N.  J.,  in  serpentine;  at  the  Tillv  Foster  iron  mine.  Brewster, 
N.  Y.,  well  crystallized;  Richmond  Co.,  N.  Y.;  at  Wood's  mine,  Texas,  Pa.,  in  large 
plates  or  masses,  and  often  crystallizations  several  inches  across;  at  Low's  mine  with 
hydromagnesite.  Nemalite,  the  fibrous  variety,  occurs  at  Hoboken,  and  at  Xettes  in  the 
Vosges.  Manganbrucite  occurs  with  hausmannite  and  other  manganese  minerals  in  the 
granular  limestone  of  Jakobsberg.  Nordmark,  Sweden. 

Named  after  the  early  American  mineralogist,  A.  Bruce  (1777-1818). 

P3rrochroite.  Manganese  hydrate,  Mn(OH)a.  Usually  foliated,  like  brucite.  Luster 
pearly.  Color  white,  but  growing  dark  on  exposure.  Occurs  in  magnetite  at  Pajsberg, 
Sweden;  also  at  Nordmark;  and  at  Franklin  Furnace,  N.  J. 


GIBBSITB.     Hy  d  rargillite. 

Monoclinic.  Axes  d  :  i  :  .  =  1-7089  :  1.:  1-9184;  ft  =  85°  29'.  Crystals 
tabular  |  c,  hexagonal  in  aspect.  Occasionally  in  spheroidal  concretions. 
Also  stalactitic,  or  small  mammillary,  incrusting,  with  smooth  surface,  and 
often  a  faint  fibrous  structure  within. 

Cleavage:  c  eminent.    Tough.    H.  =  3-5-3-5.    G.  =  2-3-2-4.     Color  white. 
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grayish,  greenish,  or  reddish  white.  Luster  of  c  pearly;  of  other  faces 
vitreous;  of  surface  of  stalactites  faint.  Translucent;  sometimes  transparent 
in  crystals.     A  strong  argillaceous  odor  when  breathed  on. 

C'omp.— Aluminium  hydrate,  Al(OH),  or  A1,0,.3H,0  =  Alumina  65-4, 
water  34  6  =  100. 

'Pyx.,  etc. — In  the  closed  tube  becomes  white  aud  opaque,  and  yields  water.  B.B.  infus- 
ible, wbiteus.  and  does  uot  impart  u  green  color  to  the  flame.  With  cobalt  solution  gives  a 
deep  blue  color.     Soluble  in  concentrated  sulphuric  acid. 

Obs. — The  crystallized  gibbsite  (hydrargillite)  occurs  in  the  Shishimsk  mouutuius  near 
Zlatoust  in  the  Ural:  also  iu  crystals  filling  cavities  in  natrolite  in  the  Lnugesundtiord,  Nor- 
way; Ouro  Preto.  Minas  Geraes,  Brazil.  In  the  U.  S..  in  stalactitic  form  at  Uichmond» 
Mass.,  in  a  bed  of  limonite;  at  the  Clove  Mine,  Union  Vale.  Dutchess  Co.,  N.  Y.,  on  limo- 
nite;  iu  Orange  Co.,  N.  Y. 

Named  after  Col.  George  Gibbs. 

SajMolite.  Boric  acid,  B(OH)».  Crystals  tabular  |  c  (tricliuic).  Usually  small  white» 
pearly  scales.  G.  =  1  "48.  From  the  waters  of  the  Tuscan  lagoons  of  Monte  Rotondo  and 
Casteluuovo.  ExisU  also  in  other  natural  waters,  as  ut  Clear  Lake,  in  Lake  Co.,  California. 
Occurs  also  abundantly  in  the  crater  of  Vulcano,  Lipari  isles. 

Hydrotalcite.  Perhaps  Al(OH)3.3Mg(OH),.3HaO.  Lumellar-massive,  or  foliated,  some- 
what tibrous.  H.  =2.  G.  =  2  04-2 -09.  Color  while.  Luster  pearly.  Occurs  ut  the  mines 
of  Shishimsk,  district  of  Zlatoust,  Ural;  at  Snarum,  Norway,  in  serpentine  {hydrotaleiU), 

P3rroaiirite.  Perhaps  Fe(OH)«.3Mg(OH),.3H,0.  Occurs  at  the  Ldngban  iron-mine^ 
Wermland.  Sweden,  in  gold-like  submetallic  hcaXea^pyroaurite).  In  thin  seams  of  a  silvery 
white  color  in  serpentine  in  the  island  Haaf-Grunay.  Scotland  (igeUtrdmite), 

Ohalcophanite.  Ilydrofranklinite.  (Mn,Zn)0.2MnOa.2H«0.  In  druses  of  minute 
tabular  rhombohedral  crystals;  sometimes  octahedral  in  aspect.  Also  in  foliated  aggre- 
gates; stalactitic  and  plumose.  G.  =  3*907.  Luster  metallic,  brilliant.  Color  bluish  black 
to  iron -black.  Streak  chocolate-brown,  dull.  Occui-s  at  Sterling  Hill,  near  Ogdeusburg^ 
Sussex  Co. ,  N.  J. 

PSIIiOMBUkNB. 

Massive  and  botryoidal  ;  reniforra;  stalactitic.  H.  =  5-6.  G.  =  3-7-47. 
Luster  submetallic,  dull.  Streak  brownish  black,  shining.  Color  iron-black, 
passing  into  dark  steel-gray.     Opaque. 

Comp. — A  hydrous  manganese  manganate  in  which  part  of  the  manganese 
is  often  replaced  by  barium  or  potassium,  perhaps  conforming  to  ll^SlnO^. 
The  material  is  generally  very  impure,  and  the  composition  hence  doubtful. 

Pyr.,  etc.— In  the  clostd  lube  most  varieties  yield  water,  aud  all  lose  oxygen  on 
ignition;  with  the  tiuxes  reacts  for  manganese.  Soluble  in  hydrochloric  acid,  wiih  evolu- 
tion of  chlorine. 

Obs. — A  common  but  impure  ore  of  manganese;  fre(iuently  in  alternating  layers  with 
pyrolusite.  From  Devonshire  and  Cornwall;  Ilefeld  in  the  Harz;  also  at  Ilmenau,  Siegen, 
etc.  Forms  niammillary  masses  at  Brandon,  etc.,  Vt.  In  Independence  Co..  and  else- 
wluMc  in  Arkansas.  With  pyrolusile  at  Douglas,  Hants  Co..  Nova  Scotia.  Named  from 
i/j//\o?,  8inooth  or  naked,  and  jneX(X?,  black. 

The  following  mineral  substances  here  included  are  mixtures  of  various  oxides,  chiefly 
of  manganese  (MnOa,  also  MnO).  cobalt,  copper,  with  also  iron,  and  from  10  to  20  p.  c. 
water.  These  are  results  of  the  decomposition  of  other  ores— partly  of  oxides  and  sul- 
phides, partly  of  manganesian  carbonates,  and  can  hardly  be  regarded  as  representing 
distinct  mineral  species. 

Wad.  In  amorphous  and  rcniform  mas«es.  either  earthy  or  compact;  also  incrusting 
or  as  stains.  Usually  very  soft,  soilinir  the  fincrers;  less  often  hard  to  H.  =6.  G.  =  8*0- 
4'26;  often  loosely  aggregated,  and  feeling  very  light  to  the  hand.  Color  dull  black,  bluish 
or  brownish  black. 

Boo  Manganese  consists  mainly  of  oxide  of  manganese  ami  water,  with  some  oxide  of 
iron,  and  often  silica,  alumina,  baryta 

AsBOLiTE,  or  Earthy  Cobalt,  contains  oxide  of  cobalt,  which  sometimes  amounts  to 
32  p.  c. 

Lampadite.  or  Cupreous  Manganese^  is  a  wad  coDtaining  4  to  18  p.  c.  of  oxide  of 
copper,  and  often  oxide  of  cobalt  also. 
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VI.  Oxygen-salts. 

The  Sixth  Class  includes  the  salts  of  the  various  oxygen  acids.  These  fall 
into  the  following  seven  sections:  1.  Carbonates;  2.  Silicates  and  Titanates; 
3.  Niobates  and  Tantalates;  4.  Phosphates,  Arsenates,  etc.;  also  the  Nitrates; 
5.  Borates  and  Uranates;  6.  Sulphates,  Chromates  and  Tellurates;  7.  Tung- 
states  and  Molybdates. 

1.  CARBONATES. 

A.  Anhydrous  Carbonates. 

The  Anhydrous  Carbonates  include  two  distinct  isomorphous  groups, 
the  Calcite  Group  and  the  Aragonitb  Group.  The  metallic  elements 
present  in  the  former  are  calcium,  magnesium,  iron,  manganese,  zinc  and. 
cobalt;  in  the  latter,  they  are  calcium,  barium,  strontium  and  lead. 

The  species  included  are  as  follows : 

Calcite  Group.    ECO,.    Bhombohedral. 

Calcite  CaCO,                                                       74°  55'    0-8543: 

Dolomite  (Ca,Mg)CO,             Tri-rhombohedral     73°  45'    0-8322 

Normal  Dolomite  CaCO,.MgCO. 

Ankerite  CaCO..(Mg,re)CO,                                 73°  48'    0-8332 

Magnesite  MgCO,                                                     72"  36'    0-8112: 

Breunnerite  (Mg,re)CO, 

Mesitite  2MgC03.reCO,                                        72°  46'    0-8141 

Pistomesite  MgCO..FeCO,                                          72°  42'    0-8129 

Siderite  FeCO,                                                      73°    0'    08184 

Oligonite  (Fe,Mn)CO, 

Ehodochrosite  MnCO,                                                    73°    0'    08184 

Manganosiderite  (Mn,Fe)CO, 

Manganocalcite  pt.  (Mn,Ca)CO, 

Smithsonite  ZnCO,                                                      72°  20'    0-8065 

Monheimite  (Zn,Fe)CO, 

Sphserocobaltite  CoCO, 

This  list  gives  Dot  only  the  promiDent  species  of  this  group,  but  also  some  of  the 
isomorphous  intermediate  compounds. 

The  Calcite  Group  is  characterized  by  rhombohedral  crystallization.  All 
the  species  show,  when  distinctly  crystallized,  perfect  rhombohedral  cleavage^ 
the  angle  varying  from  75°  (and'  105°)  in  calcite  to  73°  (and  107°)  in  siderite. 
This  is  exhibited  in  the  table  above. 


2.  Aragronite  Group. 

RCO.. 

Orthorhombic. 

mm'" 

a  :l\  i 

Aragonite 

CaCO, 

63°  48' 

0-6224  :  1  :  07206 

Bromlite 

(Ca,Ba)CO, 

Witherite 

BaCO, 

62°  12' 

0-6032  :  1  :  0-7302 

Strontianite 

SrCO, 

62°  41' 

0-6090  :  I  :  0-7239 

Cemssite 

PbCO. 

62°  46' 

0-6100  :  1  :  0-723(> 
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The  species  oi  the  Araoonite  Group  crystallize  in  the  orthorkombio 
sTstum,  but  the  relation  to  those  of  the  Calcite  Group  is  made  more  close  by 
the  fact,  that  the  prismatic  angle  varies  a  few  degrees  only  from  G0°  (and  120°) 
and  the  twinned  forms  with  the  fnndaroeDtal  prism  as  t winning-plane  are 
paeu  do- hexagon  at  in  charaoter. 


1.  Calclte  Group.     SCO,.     Bhombohedral. 
OAIiOrm.    Ealkspftth  Ogrm.    Gale  Spar;  CKlcareous  Spar. 
Bhombohedral.    Axis  i  —  08543. 

688.  600. 


•     0001  A  lOil  =    44°  BOl' 

0001  A  0113 

,     lOio  A  oiia 

,     loit  A  iioi 

on-i  A  ioi2 

)',    0554  A  5054 

0321 
\l\  4041 


63°  45'. 

74'  es'. 


:    84'  821'. 


^  3021  =  lor 

A  4401  =  114°  W. 


3l8l  A  28il  =1^'^. 
ai8l  A  3121  =  35°  36'. 
3l8l  A  1231  =  47''  1\: 
3251  A  5531  =  TO'Bff. 
8?8l  A  52.^1  =  45*  Sy. 
8S5I  A  23Si  =  2S°  16'. 
3l34  A  8ia4  =  20°  381'. 
BliS  A  4i85  =  16°    V. 


*  See  Uie  apberlcnl  projccilun.  Jig,  352,  p.  79. 
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Habit  of  crystals  very  varied,  as  shown  in  the  figures,  from  obtuse  to  acute 
rhoinbobedral;  from  thin  tabular  to  long  prismatic;  and  scaltjuohedral  of 
many  types,  often  highly  modified. 

Twins  (see  Figs.  383-390,  p.  126) ;  (1)  Tw.  pi.  c,  common,  the  crystals  having 
the  same  Terticaf  axis.  (2)  Tw.  pi.  e  {Oll3),  very  common,  the  vertical  axes 
inclined  137"  29i'  and  52"  30^';  often  producing  705. 

twinning  lamellte  as  in  Iceland  Spar,  which  are, 
in  many  cases  of  secondary  origin  as  in  gran- 
ular limestones  {Fig.  TOS);  this  twinning  may 
be  produced  artificially  (see  p.  148),  (3)  Tw. 
pi.  r,  not  common;  the  vertical  axes  inclined 
90°  46'  and  89"  14'.  (4)  Tw.  pi.  /  (0251), 
rare;  the  axes  intersect  at  angles  of  53°  46'  and 
126=  14'. 

Also  fibrous,  both   coarse  and  fine;   some- 
times    lamellar;  often   granular;  from  coarse 
to  impalpable,  and   compact  to  earthy.     Also 
atalactitic,   tuberose,  nodular,    and   other  im-       Section  of  cry aiall In* 
itative  forms.  In  polarized  Hgl.t. 

Cleavage :  r  highly  perfect.  Parting  |  e  (Oll2)  due  to  twinning.  Fracture 
conclioidaf,  obtaiued  with  difficulty.  H.  =  3,  but  varying  with  the  direction 
on  the  cleavage  face;  earthy  kinds  softer.  G.  =  2'714,  in  pure  crystals,  but 
varying  somewhat  widely  in  impure  forms,  as  in  those  containing  iron,  man- 
ganese, etc.  Luster  vitreous  to  subvitreous  to  earthy.  Color  white  or  colorless; 
also  various  pale  shades  of  gray,  red,  green,  blue,  violet,  yellow;  also  brown  and 
black  when  impure.     Streak  white  or  grayish.     Transparent  to  opaque. 

Optically—.  Birefringence  very  high.  Refractive  indices  for  the  D  line: 
<M=  1-65849,  e  =  1-48G35. 

Comp — Calcium  carbonate,  CaCO,  =  Carbon  dioxide  44 '0,  lime  56  0  =  100. 
Small  quantities  of  magnesium,  irou,  manganese,  zinc,  and  lead  may  be  present 
'   replacing  the  calcium. 

Vu. — The  vnrjelles  are  very  numerous,  and  divene  in  appenrnnce.  They  depeud 
mainly  on  the  following  poinla:  differences  in  ctystallizatiou  luid  structural  coudltloa, 
presence  of  imDurltiea,  etc ,  the  extremes  being  perfect  cryatnls  and  earthy  musive  formBi 
also  on  compoution  as  affected  by  isomorphoua  replaceuieol. 


A.  Vahieties  based 


4   CsTSTALLIZATtOH   i 


0  Accidental  Impubitus, 


1 .  OrdiTiary.  In  crystals  anil  cleavable  masses,  the  crystals  varying  very  widely  f  n  habit 
as  already  noted.  Dog-tooth  Spar  is  an  acuie  scalenohedral  form ;  Nait-Kead  Bpar,  a  com- 
posite variety  having  the  form  suggested  by  Iha  name.  The  irausparenl  variety  from 
Icelaud,  used  for  polarizing  prisms,  etc.,  Is  called  Iceland  Spur  or  Do-ubly-rtfraetiTu/  Spar 
(Donpelapntb  Qerin. ).  As  regards  color,  cryslallized  calcite  varies  from  the  kinds  which  are 
perfectly  clear  and  colorless  through  yellow,  pink,  purple,  blue,  to  brown  and  black.  The 
«olor  is  usually  pale  except  as  caused  by  Impurille*.  These  impurities  mav  bo  pyrite, 
native  copper,  malaclilte,  sand,  etc.;  tbey  are  some  limps  arranged  in  aymmelrical  form,  as 
depending  upoQ  the  growth  of  the  crystals  and  hence  produce  manv  varieties. 

Fontainebteau  limtfUmt.  from  Fontainebleau  nod  Nemours,  France.  coDtaius  a  large 
koiount  of  sand,  some  50  10  SB  p.  c.     Similar  forms  occur  at  other  localities. 

3.  Fibrovi  and  lamtUar  kind*.  Satin  Spar  is  fine  fihroiis,  with  a  silky  luster;  resembles 
fibrous  gypsum,  also  called  aailn  spar,  but  Is  mucb  harder  than  gypsum  and  effervesces 
with  acids. 

Argentine  is  a  pearly  lamellar  calcite.  the  lamelln  more  or  leas  undulating;  color  white, 
craylsh.  yellowish.  Aphrilt,  in  its  harder  and  more  sparry  variety  {8ehann*path),  is  a 
rolialed  wblte  pearly  catclte.  near  argentine;  In  its  softer  kinds  [BehoHWitrdt)  It  apprtMcbes 
chalk,  though  lighter,  pearly  in  luster,  nllvery  while  or  yellowtsb  Id  color,  toft  kod  gnt^ 
to  the  loucb.  and  more  or  less  scaly  In  s( 
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3.  Granular  massive  to  eryptoeryitalUne  kinds  :  Limestone,  Marble,  Chalk. 

Granular  limestone  or  Saeehanndal  limestone,  so  named  because  like  loaf  sugar  in  frac- 
ture, varying  from  coarse  to  very  fine  granular,  and  hence  to  compact  limestone;  colora 
are  various,  as  white,  yellow,  reddish,  green;  usually  they  are  clouded  and  give  a  handsome 
effect  when  the  material  is  polished.  When  such  limestones  are  fit  for  polishine,  or  for 
architectural  or  ornamental  use,  they  are  called  marbles.  Many  varieties  have  special 
names.  Shell-marble  consists  largely  of  fossil  shells;  LumacJitUe  or  fire-marble  is  a  dark 
brown  shell- marble,  with  brilliant  fire-like  or  chatoyant  internal  reflections.  Ruin-marble 
is  a  kind  of  a  yellow  to  brown  color,  showing,  when  polished,  figures  bearing  some 
resemblance  to  fortifications,  temples,  etc.,  in  ruins,  due  to  infiltration  of  iron  oxide,  etc. 

Lithographie  stone  is  a  very  even-grained  compact  limestone,  of  buff  mr  drab  color;  as 
that  of  Solcnhofen.  Hydraulic  limestone  is  an  impure  limestone  which  after  ignition  sets, 
i.e.,  takes  a  solid  form  under  water,  due  to  the  formation  of  a  silicate.  The  French 
varieties  contain  2  or  3  p.  c.  of  magnesia,  and  10  to  20  of  silica  and  alumina  (or  clay).  The 
varieties  in  the  United  States  contain  20  tQ40  p.  c.  of  magnesia,  and  12  to  80  p.  c.  of  silica 
and  alumina.  Hard  compact  limestone  varies  from  nearly  pure  white,  through  grayish^ 
drab,  buff,  yellowish,  and  reddish  shades,  to  bluish  gray,  dark  brownish  gray,  and  black, 
and  sometimes  variously  veined.  Many  kinds  make  beautiful  marble  when  polished.  Red 
oxide  of  iron  produces  red  of  different  shades.  Bhades  of  green  are  due  to  iron  protoxide^ 
chromium  oxide,  iron  silicate. 

Chalk  is  white,  grayish  white,  or  yellowish,  and  soft  enough  to  leave  a  trace  on  a  board. 
Calectreous  marl  is  a  soft  earthy  deposit,  with  or  without  distinct  fragments  of  shells;  it 
generally  contains  much  clay,  and  graduates  into  a  calcareous  clay. 

Oolite  is  a  granular  limestone,  its  grains  minute  concretions,  looking  somewhat  like  the 
roe  of  fish,  the  name  coming  from  qoov,  egg.  Pisolite  (Erbsenstein)  consists  of  concretions 
as  large  often  as  a  small  pea,  or  larger,  having  usually  a  distinct  concentric  structure. 

Deposited  from  calcareous  springs,  streams,  or  in  caverns,  etc.  (a)  Stalactites  are  cal- 
careous cylinders  or  cones  that  hang  from  the  roofs  of  limestone  caverns,  and  which  are 
formed  from  the  watera  that  drip  through  the  roof;  these  watera  hold  some  calcium 
bicarbonate  in  solution,  and  leave  calcium  carbonate  to  form  the  stalactite  when  evaporation 
takes  place.  Stalactites  vary  from  transparent  to  nearly  opaque;  from  a  crystalline  struc- 
ture with  single  cleavage  directions  to  coarse  or  fine  granular  cleavable  and  to  radiating 
fibrous;  from  a  white  color  and  colorless  to  yellowish  gray  and  brown,  {b)  Stalagmite  is  the 
same  material  covering  the  floors  of  caverns,  it  being  made  from  the  waters  that  drop  from 
the  roofs,  or  from  sources  over  the  bottom  or  sides;  cones  of  it  sometimes  rise  from  the 
floor  to  meet  the  stalactites  above.  It  consists  of  layers,  irregularly  curved,  or  bent. 
Stalagmite,  or  a  solid  kind  of  travertine  (see  below)  when  on  a  large  scale,  is  the  alabaster 
stone  of  ancient  writers,  that  is,  the  stone  of  which  ointment  vases,  of  a  certain  form  called 
alabasters,  were  made.  A  locality  near  Thebes,  now  well  known,  was  largely  explored  by 
the  ancients,  and  the  material  has  often  been  hence  called  Egyptian  alabaster.  It  was  also 
formerly  called  onyx  and  onychites  because  of  its  beautiful  banded  structure.  In  the  arts  it 
is  often  now  called  Oriental  alabaster  or  onyx  marble.  Very  beautiful  marble  of  this  kind 
is  obtained  in  Algeria.  Mexican  onyx  is  a  similar  material  obtained  from  Tecali,  Puebla, 
Mexico;  also  in  a  beautiful  brecciated  form  from  the  extinct  crater  of  Zempoal tepee  in 
southern  Mexico.  Similar  kinds  occur  in  Missouri,  Arizona,  San  Luis  Obispo  Co.,  Cali- 
fornia, (c)  Calc-sinter,  Travertine,  Cole  Tufa.  Travertine  is  of  essentially  the  same  oiigin 
with  stalagmite,  but  is  distinctively  :i  deposit  from  springs  or  rivers,  especially  where  in 
large  deposits,  as  along  the  river  Auio,  at  Tivoli,  near  Rome,  where  the  deposit  is  scores  of 
feet  in  thickness,  {d)  Agaric  mineral;  Rock-milk  is  a  very  soft  white  muterinl,  breakii'g 
easily  in  the  fingers,  deposited  sometimes  in  caverns,  or  about  sources  holding  lime  in 
solution,  (e^  Hock-meal  is  white  and  light,  like  cotton,  becoming  a  powder  on  the  slightest 
pressure. 

B.  Varieties  based  upon  Composition. 

These  include:  Dolomitic  calcite.  Contains  magnesium  carbonate,  thus  graduating 
toward  true  dolomite.  Also  bariealcite  (wliicli  contains  some  BaCOs);  similarly,  strontiano- 
calcite  (SrCOs),  ferrocalcite  (FcCOs),  manganocalcite  (MuCOs),  zincocalcite  (ZnCOj)^ 
plumboealcite  (PbCOs). 

Pyr.,  etc. — B.B.  infusible,  but  becomes  caustic,  glows,  and  colors  the  flame  reddish 
yellow;  after  ignition  the  assay  reacts  alkaline;  moistened  with  hydrochloric  acid  imparts 
the  characteristic  lime  color  to  the  flame.  In  the  solid  mass  effervesces  when  moistened 
with  hydrochloric  acid,  and  fragments  dissolve  with  brisk  effervescence  even  in  cold  acid. 
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Diff.  — DistiDguiihlDg  chitncten:  perfect  rhombobedrel  cleaTsge;  BoFineu,  can  ba 
«cr&lcbed  with  a  kulle;  effervescence  In  cold  dilute  KCid;  iufuslbllity.  Less  liard  and  of 
lower  speciSc  gravity  than  oragoiille  (wli.  we).  Resembles  In  Its  different  varieties  tbe 
ctiier  rliomboLedral  carbountes,  but  is  less  Lard,  of  loner  specific  gravity,  and  more 
readily  attacked  by  acid.  Also  resembles  some  varieties  of  barite.  but  bas  lower  epccific 
gravity:  it  is  less  liurti  thiiu  feldspar  and  harder  tban  gypsum. 

Rt^o^uized  in  ibin  seclfous  by  lis  low  refraction  and  veir  bigh  bfrefrlDKepce,  tlie 
pokriziLtiOQ  colors  In  tbe  thinuesi  sectioua  ullainiiig  wliite  of  Ibe  uigbest  order.  Tbe  nega- 
tive interference  figure,  wltb  many  closely  crowded  colored  rings,  is  also  cbaracterisnc. 
Tlie  rbuidbobedral  cleavage  is  often  sbown  in  ihe  tine  fraclure  lines;  systems  of  twinned 
lamellee  iifien  conspicuous  (Fig.  70S),  especially  in  crystalline  limestone. 

Obi.  — Ciil cite,  in  ila  vurlous  forms,  is  one  of  tbe  most  widely  distributed  of  minerals, 
Beds  of  sedimentary  limestone,  formed  from  organic  remiiins,  shells,  crinoids,  corals,  etc, 
jiuld  (HI  metamorphlsm  cryaialllne  limestone  or  marble,  and  in  counecllon  wltb  these 
«rystHl1iEed  calclte  and  also  deposits  In  caves  of  slalaclitee  and  stalagmites  often  occur. 
Common  with  the  zeolites  in  cavities  and  veins  of  igneous  rocks  as  a  result  of  alteration, 
jind  similarly  though  less  abundant  with  gi-anlle,  syenite,  etc.  A  frequent  mineral  In 
nietalUrerous  deposils,  with  lead,  copper,  silver,  etc.  Deposited  from  lime-bearing  waters 
fts  calc  sinter,  travertiue,  etc.,  especially  in  cunueclioa  wltb  hot  springs  as  at  tbe  Mammoth 
Hot  Springs  in  the  Yellowslone  region. 

Some  of  tbe  best  known  localities  for  cryalallized  calclte  are  tbe  following:  Andreas. 
bei'g  in  tbe  Harz:  the  mines  of  Freiberg,  Schneeberg.etc,  in  Saxony:  Kapnikln  Hungery; 
Aussig  in  Robeuiia;  Blelberg  In  Caiinthk:  Traversella  in  Piedmont;  Elba.  In  England 
at  Alston  Moor  and  Eyremont  in  Cumberland;  llHtlock,  Derbyshire;  Beer  Alston  la 
DevuDsliire;  at  numerous  points  in  Cornwall;  Weardale  in  Durham;  Slnnk  mine,  Lanca- 
shire. In  twin  crystals  of  great  variety  and  beauty  at  Guanajuato,  Mexico.  The  Iceland 
spar  lias  been  obtained  from  Iceland  near  Helgualadir  on  the  Eske&onl.  It  occurs  In  a 
large  CLkvily  in  basalt.  The  crystals,  usually  showing  the  fuudamenlal  rhombohedron,  are 
often  coaled  with  tufts  of  siilbile. 

In  the  U.  Stales,  cryBlalllicd  calclte  occurs  In  N.  York,  in  8l,  Lawrence  Co,,  especially 
at  the  Rossic  lend  mine;  In  Jefferson  Co,,  near  Oxbow:  dog-tooth  spur,  in  Niagara  Co, 
nearLockport.wlib  pearl  spar,  celesilie.  etc.;  in  Lewis  Co.,  at  Leyden  and  Lowvilie,  and  at 
the  Murtiusbiirg  k-ad  mine;  at  Anthony's  Nose  on  the  Hudson,  formerly  groups  of  large 
tabular  crystals.  In  K.  Jertey,  at  Bergen,  yellow  calclte  with  daloliie,  rtc.  In  Virginia, 
a\  Wler'a  cave,  tiaiaclilet  of  great  beauty;  also  in  tbe  large  caves  of  Kentucky.  At  the 
Lake  Superior  copper  mines,  complex  crystals  often  containing  scaler  of  native  copper. 
At  Warsaw,  lUinvit,  in  grcnt  variety  of  form,  lining  geodes  and  implanted  on  quartz 
crystals;  nl  Quiucy.  In  Mittoarl,  with  dolomite  near  St.  Louis;  also  with  sphalerite  at 
Joplin  and  other  points  In  the  zinc  region  In  the  south-western  part  of  tbe  state,  tbe 
-crystals  usually  seal eu oil edral  and  of  a  wlue-yellow  color.  From  tbe  Bad  Lands,  Boulb 
Dakota.  In  Nova  Scotia,  at  Partridge  I,,  a  wine-colored  calclte,  and  other  interesting 
Tarietles. 

Thinolitk.  a  tiita  deposit  of  calcium  carbonate  occurring  on  an  enormous  scale  In 
Dorlh-weslerD  Nevada;  also  occurs  about  Mono  Lake,  California.  It  forms  layers  of  inter- 
laced crystals  of  a  pale  yellow  or  light  brown  color  anil  often  skeleton  atructiire  except 
when  covered  by  subsequent  deposit  of  calcium  carbonate. 

I>OX>OMrrZI,     Pearl  Spar  pt. 
Tri-rliomboliedral.     Axis  i  =  08322. 
tr,    0001  A  lOil  =  43°  52'.     MM',  4041  a  4401  =  118°  B8'. 
ty.  lOil  A  1101  =  73°  45'. 

Habit  rhoniboiiedral,  usually  r  or  Af(40ll):  the 
presence  of  rhomboliedrons  of  the  second  or  third  aeries 
after  the  plienacito  type  very  cliaraoteristic.  The 
r  faces  commonly  curved  or  made  up  of  siib-individ- 
aa)s,  and  thus  passing  into  saddle-shaped  forms  (Fig. 
706).  Also  granular,  coarse  or  fine,  resembling  ordin- 
ary  marble. 

Cleavage:    r  perfect.      Fracture  subconcboidaL 
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G.  =  2'8-2-9.  Luster  vitreous,  inclining  to  pearly  in  some  varieties.  Color 
white,  reddish,  or  greenish  white;  also  rose-red,  gi'een,  brown,  gray,  and  black* 
Transparent  to  translucent.  Optically  — .  ojy  =  1*68174  Na.  e^  =  1*50256 
Na,  Fizeau. 

Comp. — Carbonate  of  calcium  and  magnesium  (Ca,Mg)CO, ;  for  normal 
dolomite  CaMgC,0.  or  CaCO,.MgCO,  =  Carbon  dioxide  47*9,  lime  30*4,. 
magnesia  21*7  =  100,  or  Calcium  carbonate  54*35,  magnesium  carbonate  45*65 
=  100.  Varieties  occur  in  which  the  ratio  of  the  two  carbonates  varies  from 
1  :  1.  The  carbonates  of  iron  and  manganese  also  sometimes  enter ;  rarely 
cobalt  and  zinc  carbonates. 

Pyr.,  etc.— B.B.  acts  like  calcite.  Fragments  throw d  into  cold  acid,  unlike  calcite,  are 
only  verv  slowly  acted  upon,  if  at  all,  while  in  powder  in  warm  acid  the  mineral  is  readily 
dissolved  with  effervescence.     The  ferriferous  dolomites  become  brown  on  exposure. 

DifT.— Resembles  calcite  (see  p.  857),  but  generally  to  be  distinguished  in  that  it  doea 
not  effervesce  readily  in  the  mass  in  cold  acid. 

Obs. — Massive  dolomite  constitutes  extensive  strata,  called  limestone  strata,  in  various 
regions,  as  in  the  dolomite  region  of  the  southern  Tyrol.  Crystalline  and  compact  varietiea 
are  often  associated  with  serpentine  and  other  magnesian  rocks,  and  with  ordinary  lime- 
stones. Some  prominent  localities  are:  Leogang  in  Salzburg;  Schemuitz  and  Kapnik  ia> 
Hungary:  Freiberg  in  Saxony.  In  Switzerland,  at  Bex,  in  crystals;  also  in  the  Binnenthal; 
Traversella  in  Piedmont;  Campoloneo. 

In  the  U.  States,  in  Vermont,  at  Soxbury.  In  N.  Jertey,  at  Hoboken.  In  N,  York,  at 
Lockport,  Niagara  Falls,  etc.;  at  the  Tilly  Foster  iron  mine,  Brewster,  Putnam  Co.,  with 
magnetite,  chondrodite.  In  saddle-shaped  crystals  with  the  sphalerite  of  Joplin,  MisBouri, 
In  y.  Car. ,  at  Stony  Point.  Alexander  Co. 

Named  after  Dolomieu  (1750-1801),  who  announced  some  of  the  marked  characteristics- 
of  the  rock  in  1791— its  not  effervescing  with  acids,  while  burning  like  limestone,  and 
solubility  after  heating  in  acids. 

Ankerite.  CaCOa.(Mg,Fe,Mn)CO,,  or  for  normal  ankerite'2CaCO,.MgCO,.FeCOs. 
In  rhombohedral  crystals;  r/  =  73**  48';  also  crystalline  massive,  granular,  compact. 
G.  =  2'95-8'l.  Color  white,  gray,  reddish.  Occurs  with  siderite  at  the  Styriau  mines^ 
etc.    With  the  hematite  of  northern  New  York. 

MAGNSSITI]. 

Rhombohedral  Axis:  i  =  0-8112.  rr'  =  72°  36'.  Crystals  rare,  usually 
rhombohedral,  also  prismatic.  Commonly  massive;  granular  cleavable  ta 
very  compact ;  earthy. 

Cleavage:  r  perfect.  Fracture  flat  conchoidal.  Brittle.  H.  =  3*5-4'5* 
G.  =  3'0-312,  cryst.  Luster  vitreous;  fibrous  varieties  sometimes  silky. 
Color  white,  yellowish,  or  grayish  white,  brown.  Transparent  to  opaque. 
Optically  — .     Double  refraction  strong. 

Comp. — Magnesium  carbonate,  MgCO,  =  Carbon  dioxide  52*4,  magnesia 
47 '6  =  100.     Iron  carbonate  is  often  present. 

Breunnen'te  contains  several  p.  c.  of  FeO;  G.  =  3-3"2;  white,  yellowish,  brownish, 
rarely  black  Jind  bituminous;  often  becoming  brown  on  exposure,  and  hence  called  Brown 
Spar. 

Pyr,  etc. — B.B.  resembles  calcite  and  dolomite,  and  like  the  latter  is  but  slightly 
acted  upon  by  cold  acids;  in  powder  is  readily  dissolved  with  effervescence  in  warm 
hydrochloric  acid. 

Obs. — Foimd  in  tnlcose  schist,  serpentine  and  other  magnesian  rocks,  also  gyp.sum;  as 
veins  in  serpentine,  or  mixed  with  it  so  as  to  form  a  variety  of  venl  anti(|ue  marble. 
Occurs  at  Hruhschlitz  in  Monivia;  at  Kraubat  and  Maria-Zell,  Styria;  Greiner  in  the 
Zillerthal.  Tvrol;  Snarum,  Norway. 

In  the  U.  5.,  at  Bolton,  Ma.ss. ;  at  Roxbury,  veinin^r  serpentine;  at  Barehills.  near 
Baltimore,  Md.;  in  Peun.,  in  crystals  at  West  Goshen,  Chester  Co.;  near  Texas,  Lancaster 
Co.;  in  Tulare.  Alameda  Cos..  California.  A  white  saccharoidal  magnesile  resembling 
statuary  marble  has  been  found  as  loose  blocks  on  an  island  in  the  St.  Lawrence  River,, 
near  the  Tiiousand  Island  Park. 
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iDlennediale  between  m&gaealte  and  slderite  are: 

Mkmtitb.  SMgCCFeCO,,  rr"  =  73°  «'.  Q.  =  3-85-8-86.  Usually  Id  flat  rbom- 
boliedrous  («,  0113)  witL  rouoded  faces,     Travereella,  PiedinoDt. 

PiBTOUBBiTB,  HgCOi.FeCU,  =  Uagneilum  carbonate  430,  iroa  carbonate  580  =  100 
rr'  =  72"  42'.     O.  =  843.    Thumberg.  Salzburg;  also  Travereella. 

SnWKlTii.    Chalfblte,  Spathic  Iroo.    Eisenspatb  Oerm. 
Rhombobedral.     Axis  d  =  0-8184. 
er.   0001  A  lOil  =  48°  33".    tV,     1011  A  ilOl  =   78''   0*. 
cM.  0001  A  4041  =  75°  11'.    MM'.  4041  a  4401  =  118°  42*. 
et,    0001  A  0551  =  7B-    ff.    If".      056l  a  6061  =  IIS'SO". 
ed,  0001  A  08»1  =  88°  Sff.    da.     0881  a  8061  =  118°  IBl'. 

Crystals  commonlv  rhombobedral  r  or  e,  tbe 
faces  often  curved  and  built  up  of  Bub-indiTiduaU 
like  dolomite.  Often  cleavable  massive  to  course 
or  fine  granular.  Also  in  botrjoidal  and  globular 
forms,  subfibrous  within,  occasionally  silky  fibrous; 
compact  and  earthy. 

Cleayage:  r  perfect.  Fracture  uneven  or  subconchoidal.  Brittle.  H.  = 
3'5-4.  G.  =  3-83-3-88.  Luster  vitreous,  inclining  to  pearly.  Color  ash-gray, 
yellowish  gray,  greenish  gray,  also  brown  and  brownish  red,  rarely  green;  and 
sometimes  white.  Streat  white.  Translucent  to  subtranslucent.  Optically 
— .     Double  refraction  strong. 

Comp. — Iron  pro  to  carbon  ate,  FeCO,  =  Carbon  dioxide  37-9,  iron  protoxide 
62-1  =  100  (Fe  —  43-2  p.  c.).  Manganese  may  be  present  (as  in  oligonite), 
also  magnesium  and  calcium. 

Pyr,,  ate.— In  tbe  closed  tube  decrepitates,  gives  off  CO,,  blackens  and  becomes 
magnetic,  B.B.  blackens  uud  fuses  at  46.  Willi  tlie  Quies  reacts  for  iron,  and  wiih  soda 
aniTDlter  od  platinum  Ml  generally  givea  a  manganese  reaction.  Only  slowly  acted  upon 
by  cold  acid,  but  dissolves  with  brisk  effervescence  in  hot  hydrocliioric  acid.  Eipoaure  to 
tlie  aimosplicre  darkeus  its  color,  rendering  it  often  of  a  blackish -brown  or  brownisb-red 

Eiff.— Clinracterized  by  rbomboht'dnil  form  and  cleavage.  Spociflc  gravity  higher 
than  that  of  cnlciic,  dolomite  and  nnkeiile.  Resembles  some  spbiiierite  hut  lacks  Ibu 
resinous  luster,  differe  in  cleavage  angle  and  yields  COi  (not  H,S)  with  hydrcjchloric  aciil. 

Ob*. — Occurs  in  many  of  the  rock  strata,  In  gneiss,  mica  slate,  clay  slaie,  and  as  cliiy 
iron-stone  in  connection  wtlb  the  Coal  formation  ami  many  other  slraltfled  ilegmsits.  Il  m 
often  associated  with  metallic  ores.  At  Freiberg  il  occurs  in  silver  mines.  In  Cornwidi  it 
accompanies  tin.  It  is  also  found  accompanying  copper  and  iron  iiyritcs,  galena,  cliulio- 
iJte.  tetrabedrite.  Occasionally  it  is  to  tie  met  wllh  in  trap  rocks  as  tpherotidttite  tu 
globular  concretions.  Extensive  de]x>B!lB  occur  in  the  Eastern  Alps,  in  Slyriannd  Ciirintlij;i. 
At  Haragerode  in  the  Harz.  it  occurs  in  flne  crystals  In  gray-wackc;  also  in  Cciniwall  of 
varied  liAiit  at  many  loealilles:  at  Alston-Moor,  anil  Tavistock,  Devonshire.  Fine  clcuvagu 
masses  occur  with  cryolite  in  Greenland, 

In  Die  United  States,  in  Vermont,  at  Plymouth.  In  2fau.,  at  Slcrling.  In  Conn.,  at 
Boxburj,  an  extensive  vein  in  (luartz.  traversing  gneiss.  In  N.  York,  a  series  of  deposits 
occur  in  Columbia  Co.*  at  the  Rnssie  iron  mines,  St,  Lawrence  Co.  In  2f.  Carolina,  al 
Fentress  and  Harlera  mines.  The  argillaceous  caibonate,  in  nodules  and  beds  (clay  iruo- 
stone),  is  abundant  in  (he  coal  regions  of  Penn,,  Ohio,  and  many  parts  of  Ibe  country.  In 
■  clay-bed  under  the  I'ertiury  along  the  west  side  of  Chesapeake  Bay  for  50  m. 

RBODOOHRGSITZI.    DIalogite.    Mangangpath,  Blmbeerspath,  Otrm. 
Ebombohedral.    Axis  i  =  0  8184,  rr'  =  73°  0'.     Distinct  crystals  not  com- 
mon;   usually   the   rbombobedron   r;    also  e,   with   rounded   striated   faces. 


3G0  DESCBIPTIVK   MINERALOGY. 

Cleavable,  massive  to  granular  massive  and  compact.  Also  globular  and 
botrjoidal,  with  columnar  structure^  sometimes  indistinct ;  incrusting. 

Cleavage:  r  perfect.  Fracture  uneven.  Brittle.  H.  =  3'5-4*5.  G.  =  3*45- 
3*60  and  higher.  Luster  vitreous,  inclining  to  pearly.  Color  shades  of  rose- 
red;  yellowish  gray,  fawn-colored,  dark  red,  brown.  Streak  white.  Translu- 
cent to  subtranslucent.     Optically  — . 

Comp. — Manganese  protocarbonate,  MnCO,  =  Carbon  dioxide  38*3,  manga- 
nese protoxide  61*7  =  100.  Iron  carbonate  is  usually  present  even  up  to  40 
p.  c,  as  in  manganosiderite;  sometimes  the  carbonate  of  calcium,  as  in  man- 
ganocalcite,  also  magnesium,  zinc,  and  rarely  cobalt. 

Pyr.,  etc. — B.B.  cbanges  to  gray,  brown,  and  black,  and  decrepitates  stroDgly,  but  is 
infusible.  With  salt  of  phosphorus  and  borax  in  O.F.  gives  an  amethystine-colored  b^id, 
in  R.F.  becomes  colorless.  With  soda  on  platinum  foil  a  bluish-green  manganate.  Dissolves 
with  effervesceace  in  warm  hydrochloric  acid.  On  exposure  to  the  air  changes  to  brown, 
and  some  bright  rose-red  varieties  become  paler. 

Diff. — CharacteriEcd  by  Its  pink  color,  rhombohedral  form  and  cleavage,  effervescence 
in  acids. 

Obsi— Occurs  commonly  in  veins  along  with  ores  of  silver,  lead  and  copper,  and  with 
other  ores  of  manganese.  Found  at  Scheninitz  and  Eapnik  in  Hungary;  Nag>'ag  in 
Transylvania;  at  Freiberg  in  Saxony;  at  Diez  near  Oberneisen  in  Nassau;  at  Diiaden, 
Rueinprovinz;  at  Moet-Fontaine  in  the  Ardennes.  Belgium.  In  the  U.  S..  at  Branchville, 
Conn. ;  in  New  Jersey,  with  f ranklinite  at  Mine  Hill,  Franklin  Furnace.  In  Colorado,  at  the 
John  Reed  mine,  Alicante,  Lake  Co.,  in  beautiful  clear  rhombohedrons;  also  at  the  Onlay 
mine,  near  Lake  City.  In  Montana,  at  Butte  City.  Abundant  at  the  silver  mines  of  Austin, 
l^evada.    At  Placentia  Bay,  Newfoundland. 

Named  rhodoelirosiie  from  podov,  a  rose,  and  XP^^^^*  color;  and  dialogite,  from 
SiaXoyjf,  doubt, 

SMITHSONITB.     Calamine  pt.     Zinkspath.     Dry-bone  Minert, 
Rhombohedral.    Axis  d  =  0-8063.     rr'  =  72°  20^^.     Rarely  well  crystallized ; 

faces  r  generally  curved  and  rough.     Usually  reniform,  botryoidal,  or  stalac- 

titic,  and  in  crystalline  incrustations;  also  granular,  and  sometimes  impalpable, 

occasionally  earthy  and  friable. 

Cleavable:  r  perfect.     Fracture  uneven  to  imperfectly  conchoidal.     Brittle. 

H.  =:  5.     G.  =  4'30-4'45.     Luster  vitreous,  inclining  to  pearly.     Streak  white. 

Oolor  wliite,  often  grayish,  greenish,  brownish  white,  sometimes  green,  blue 

^nd  brown.     Snbtransparent  to  translucent.     Optically  — . 

Comp. — Zinc  carbonate,  ZnCOs  =  Carbon  dioxide  352,  zinc  protoxide  64'8 

=  100.     Iron  carbonate  is  often  present  (as  in  monheimite)\  also  manganese 

Bnd  cobalt  carbonates;  further  calcium  and  magnesium  carbonates  in  traces; 

rarelv  cadmium  and  indium. 

Pyr.,  etc.  — lu  the  closed  tube  loses  carbon  dioxide,  and,  if  pure,  is  yellow  while  hot  and 
wliiie  on  cooling  B.B.  infusible:  moistened  with  cobalt  solution  and  heated  in  O.F.  gives 
a  irreeii  color  on  cooling.  With  soda  on  charcoal  coats  the  coal  with  the  oxide,  which  is 
yellow  while  hot  and  white  on  cooling;  this  coaling,  moistened  with  cobalt  solution,  gives 
a  green  color  after  healing  in  O.F.     Soluble  in  hydrochloric  acid  with  effervescence. 

Diff. — Distinguished  from  calamine,  which  it  often  closely  resembles  by  its  effervescence 
in  acids. 

Obs. — Found  both  in  veins  and  beds,  especially  in  company  with  galena  and  sphalerite; 
also  with  copper  and  iron  ores.  It  usually  occurs  in  calcareous  rocks,  and  is  generally  asso- 
ciated with  calamine,  and  sometimes  with  limonite.  It  is  often  produced  by  the  action 
upon  zinc  sulphide  of  carbonated  waters. 

Found  at  Nerchinsk  in  Siberia;  at  Dognaczka  in  Hungary;  Bleiberg  and  Raibel  in 
Carinthia;  "VYi^'sloch  in  Baden;  Moresnet  in  Belgium;  Altenberg.  In  the  province  of 
Santander.  Spain,  at  Puente  Viesgo.  In  England,  at  Roughten  Gill,  Alston  Moor,  near 
Matlock,  in  the  Mendip  Hills,  and  elsewhere;  in  Scotland,  at  Leadhills;  in  Ireland,  at 
Donegal.     At  Laurion,  Greece,  varieties  of  many  colors. 
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In  tbe  n.  Stnlea.  in  Penn..  nt  Laacuter  abundant,  Ibe  var.  called  "drT'-bone";  at  Ilia 
Ueberroil)  iniiie,  near  Betbleliem.  In  scaleDobedrona.  In  Witeotitin,  at  Mlueral  Polut, 
Skullsburg,  etc..  pseudomorplis  after  iipbalerite  and  calcite.  In  Minnetota,  at  Ewing** 
di|Mlnj{s,  N.  W.  of  Dubuque,  ere.  In  Boulb-weslem  Mit»ouri  assocfuled  with  sphalerite 
an  (Tea  I  limine.  In  Arkaniii.  di  CabLniine,  Liiwreuce  Co.;  la  Marion  Co.  A.  pink  cobaltif- 
erous  variei;  occurs  ni  Bnleo,  Lower  Califoruiu, 

Niimed  after  James  Siniilison  (17S4-ltt3k>).  wbo  founded  the  SmitbaonUn  Institution  in 
Waatiiugiou.     Tbe  name  (ulamiue  ia  ftrqueDilj  used  in  England,  cf.  calamine,  p.  440. 
.        SphMTocobaltite,     Cobalt    ]>rotocarboDaie.  CoCOi.      Kobultspatb    Garm.      Bhombo- 
tieditil.     lu  smiili  spberlcal  maagea,  nith  crygtulllue  surface,  raiely  in  cryslals.     Q.  =  4'02~ 
4'13,    Color  rusc'red.    From  Sclineeberg,  SajLooy. 


2.  Aragouite  Group.     RCO,.     Orthorhombic. 


For  list  of  species,  see  p.  853. 


ARAOONTm. 
Orthorhombic.     Azea  a 

mm"',  no  A  110  =  63°  48'. 
kk.     Oil  A  Oil  =  71°  33". 


:  J  :  i  =  0  62244  :  1  :  0-72056. 
70S.  109. 


VP'". 


Ill  A  111  = 
111  / 


=  50°  27'. 


Crystals  often  aciciilar, 
and  charucturizcd  bj  the 
presence  of  iicuto  domes  or 
pyramids.  Twins  r  tw.  pi. 
m  commonly  repeated,  pro- 
d  u  c  i  n  g  pseud  obex  agonal 
forms  (see  p.  12?,  Figa.  398, 
399  and  7L0).  Also  globular,  reniform,  and  conilloidal  shapes;  sometimes 
columnar,  etraight  or  divergent;  also  stalactitic;  incrupting. 

Cleavage:  b  distinct;  also  m;  k  (Oil)  imperfect.  Fracture  subconchoidal. 
Brittle,  it.  =  3'5-4.  G.  =  2-93-2-95.  Luster  vitreous,  inclining  to  resinoua 
on  surfaces  of  fracture.  Color  white;  also  gray,  yellow,  green  and  violet; 
streak  uncolored.  Transparent  to  transhicent.  Optically — .  Ax.  pi.  ||  a. 
Bx  J.  c.     Dispersion  p>v  small.     2K^  =  30°  54'.     /S,  =  I-GSIC. 

Comp.— Calcinm  carbonate,  CaCO.  =  Carbon  dioxide  44-0,  lime  5C0  —  100, 
Some  varieties  contain  a  little  stroutium,  others  lead,  and  rarely  zinc. 

7az.— Ordinary,  (n)  Crjstnllized  in  simjile  or  compound  crrstals,  tbe  l:ilter  much  ibo 
most  common;  iiFleu  iu  nuliiiting  groups  of  acicular  crystals.  Columuar;  also  flue 
fibrous  wilb  silky  luster,     (e)  MosBlve. 

SUiUielilic  or  ittiiagmitit :  Either  compact  or  fibrous  lu  structure,  as  with  cftldte:  Sprii- 
dehttin  Is  stalactitic  from  Carlsbad.  Cornlimdal :  la  grouplttca  of  dcticale  Interliiciiig  mid 
coalescing  b'citis.  of  a  snow-white  color,  sad  looking  a  little  like  corn];  often  called  .Koji- 
ferrl  (ElscnblQdie  Germ.).  TaTnowilxile  Is  a  kind  containing  lead  carbonate  (4  to  8  p.  c.^ 
from  Tarni.wllz  In  Silesia;  with  G.  =  2«(. 

Pyr.,  etc— B  B.  whitens  aud  falU  1o  pieces,  and  sometimes,  when  containing  atTonliii, 
ImparU  a  more  intensely  red  color  to  tlic  tlame  ibnn  lime;  otherwise  reacts  like  colclle. 

Diff. — Distintrulsbedlronicalcile  by  higher  specific  gravity  and  absence  of  rbombobedral 
cleavage;  from  ibc  zeolites  (e.g.,  natrnllte),  etc..  by  effervescence  in  acid.  Sirontlaniteand 
wilbeme  are  fusible,  higher  in  specitic  gravity  and  yield  dlallnctive  flamea  B.B.  Tlie 
realnoiis  luster  on  fracture  surfaces  is  to  be  nnlcil. 

da. — The  most  common  repositories  (if  nriigonite  are  beds  of  gypsum:  also  beds  of  iron 
ore.  IIS  the  Styriaii  mines,  where  it  occurs  in  corfilloidal  forms,  and  is  denomlnaUd  flo*- 
ferri,  "fiamr  of  iron":  in  basalt;  orcn'^Jonally  it  occnra  in  lavas;  often  associated  wllh 
copper  and  iron  pyrites,  galena,  and  miilncliiic.    It  constitutes  tbe  pearly  layer  of  shells. 
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First  discovered  in  Aragou,  Spain  (whence  its  name),  at  Molina  and  Valencia,  in  six- 
sided  prisms,  with  gypsum.  Prominent  localities  are  fiilin,  Bohemia;  Leogaug  iu  Salzburg^ 
Austria;  Herrengrund,  Hungary;  with  sulphur  iu  Sicily  in  fine  prisms;  also  at  Alston  Moor» 
fine  tapering  crystals. 

In  fibrous  crusts  at  Hoboken,  N.  J.;  at  Edenville  and  Rossie.  N.  T.;  Wood's  Miue» 
Lancaster  Co.,  Penn.;  Warsaw,  111.,  lining  geodes;  Mine-la-Motte,  Mo.,  in  crystals.  FU)»' 
ferri  iu  the  Organ  Mts.,  New  Mexico. 


711. 


a 


WITHBRITE. 

Orthorhombic.  Axes  d\l :  6  =  0*6032  :.l  :  0*7302.  Crystals  always  repeated 

twins,  simulating  hexagonal  pyramids.  Fig.  Til  (cf» 
Fig.  557,  p.  227).    Also  massive,  columnar  or  granular. 

Cleavage  :  b  distinct  ;  m  imperfect.  Fracture 
uneven.  Brittle.  H.  =  3-3*75.  G.  =  4-27-4-35.  Luster 
vitreous,  inclining  to  resinous  on  surfaces  of  fracture. 
Color  white,  yellowish,  grayish.  Streak  white.  Sub- 
transparent  to  translucent. 

Comp. — Barium  carbonate,  BaCOs  =  Carbon  di- 
oxide 22-3,  baryta  77*7  =  100. 

P3rr.,  etc. — B.B.  fuses  at  2  to  n  bead,  coloring  the  flame 
yellowish  green;  after  fusion  reacts  alkaline.  B.B.  on  charcoal 
with  soda  ruses  easily,  and  is  absorbed  by  the  coal.  Soluble  in 
dilute  hydrochloric  acid;  this  solution,  even  when  very  much 
diluted,  gives  with  sulphuric  acid  a  white  precipitate  which  is 
insoluble  in  acids. 

Diff. — Distinguished  by  its  high  specific  gravity  ;  effer- 
vescence in  acid;  green  coloration  of  the  flame  B.B.  Burite  is 
insoluble  in  hydrochloric  acid. 

Obt.— Occurs  at  Alston  Moor  in  Cumberland,  with  galena; 
at  Fallowfield  near  Hexham  in  Northumberland;  Tamowitz  in  Silesia-  Leogang  iu  Salz- 
burg; near  Lexington.  Kentucky,  with  barite.  In  a  silver-bearing  vein  near  Rabbit  Mt., 
Thunder  Bay,  L.  Superior. 

Bromlite.      (Ba.Ca)COs.      In  pseudohexagonal    pyramids   (Figs.    558,   559,   p.    227). 
Bromley  Hill,  neur  Alston,  Cumberland. 
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STRONTIANITB. 

Orthorhombic.     Axes  d\l:d=^  06090  :  1  :  0-7239. 

Crystals  often  acicular  or  acnte  spear-shaped,  like  aragonite.  Twins:  tw. 
pi.  m  common.     Also  columnar,  fibrous  and  granular. 

Cleavage:  w  nearly  perfect;  ft  in  traces.  Fracture  uneven.  Brittle.  H. 
=  35-4.  G.  =  3-680-3*714.  Luster  vitreous;  inclining  to  resinous  on  faces 
of  fracture.  Color  pale  asparagus-green,  apple-green;  also  white,  ^ray,  yellow, 
and  yellowish  brown.  Streak  white.  Transparent  to  translucent.  Optically  — . 
Ax.  pi.  II  b.     Bx  J_c.     Dispersion  p  <  v  small.     2Er=  IS''  17'. 

Comp. — Strontium  carbonate,  SrCO,  =  Carbon  dioxide  29*9,  strontia  70*1 
=  100.     A  little  calcium  is  sometimes  present. 

Pyr.,  etc.— B.B.  swells  up,  throws  out  minute  sprouts,  fuses  only  on  the  thin  edges,  and 
colors  the  flame  strontia-red;  the  assay  reacts  alkaline  after  ignition.  Moistened  with 
hydrochloric  acid  and  treated  either  B.B.  or  in  the  naked  lamp  gives  an  intense  red  color. 
Soluble  in  hydrochloric  acid;  the  dilute  solution  when  treated  with  sulphuric  acid  gives  a 
white  precipitate. 

Diff. — Differs  from  related  minerals,  not  carhonates.  in  effervescing  with  acids:  has  a 
higher  specitic  gravity  than  aragonite  and  lower  than  witherite;  colors  the  flame  red  B.B. 

Obs. — Occurs  at  Strontian  Tn  Argyllshire;  in  Yorkshire.  England;  Clausthal  in  the 
Harz;   Braunsdorf,  near  Freiberg,  Saxony;   Leogang  in  Salzburg;   near  Bri.xlegg.  Tyrol 
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(«aMiMfrontt'anttc);  In  flue  ciyilals  neu  Bamm,  Westphalia;  At  the  Wnhelmioe  mioe  ucar- 
AltablcD,  Wesphalla. 

lu  tbe  U.  Slates,  occurs  at  Schoharie,  N.  Y.;  at  MuscaloDse  Lake;  CbaumoDt  Bay  ani 
Theresa,  in  Jeflenoa  Co.,  N.  Y.,  Ulfflia  Co.,  Peoa. 


OERVBSITE.    White  Lead  Ore.    Weissblelen  Germ. 
Orthorhombic.     Axes  a:h:6  =  060997  : 1 :  0-72300. 
712.  713.  7X4. 


m".       Oai  a  021  =  110"  40". 
Simple  crystals  often  tabalar  ]  b,  prismatic  |  d;  also  pyramidal.     Twins: 
tw.  pi,  m,  very  common,  contact-  and  peiietration-twine,  often  repeated  yielding 
eix-rayed  stellate  groups.    Crjetals  grouped  in  clusters,  and  aggregates.    Rarely 
fibrous,  often  granular  jnaasive  and  compact;  earthy.     Sometimes  atalactitic. 

Cleavage:  wi  and  i  (021)  distinct;  i  and  x  (012)  in  traces.  Fracture  con* 
choidal.  Very  brittle.  H,  =  3-3-5.  G.  =  6-46-6-574.  Luster  adamantine, 
inclining  to  vitreous,  resinous, or  pearly;  sometimes  submetallic.  Colorwhite, 
gray,  grayish  black, sometimes  tinged  blue  or  green  (copper);  etreak  nncolored. 
Transparent  to  subtranslucent.  Optically—.  Ax.  pi.  J  A.  BxJ.c.  Dispersion 
p  >  V  large.    Indices  and  axial  angles,  Scbrauf : 

a  0  y  2V  ZE 

Line  D         1-803C8  207628         207803     .-,     8°  14'         17°  8' 

Comp. — Lead  carbonate,  PbCO,  =  Carbon  dioxide  lC-5,  lead  oxide  S3-& 
=  100. 

Pyr..  oto  —In  the  closed  lube  decrepitates,  loses  carboo  dioxide,  turns  first  yellow,  and 
at  a  higher  temperature  dark  red,  hut  becomes  ai^ln  yellnw  on  cooling.  B,B.  ou  chnrcosl 
fuses  very  e&t^Ily,  aud  iu  K.F.  yields  metallic  lead.  Soluhle  In  dilute  nitric  acid  Thh 
effervescence. 

Diff — Cbnrscierlzed  by  high  specific  gravity  and  adaniAutiue  luster;  also  by  yieldiug 
lead  B.B.     Unlike  aiij!lesiie,  it  effervesces  with  nitric  sdd, 

Obs.— Occurs  in  connection  with  other  lead  mlnerRls,  and  Is  formed  from  galenn,  trbich. 
as  it  passes  to  u  sniphnte,  may  be  clianged  lo  carbonnle  by  means  of  snliitlons  oF  calcium 
lilcarbonaie,  II  is  found  at  Juhanngeorgenstadt  in  beautiful  crystals:  Monte  Ponl.  Snrdinia; 
rriedricbssegen,  Nassau:  Bndenweiler,  Buden;  at  Clnustbnl  in  the  Harz;  at  Blelherg  in 
Carinthla:  iu  ED^lao'l,  in  Corunall;  at  E,  TaroHr  mine,  Devonshire;  near  Uutlock  and 
WIrkswurtb,  Derbyshire;  at  Leadhills  and  Wanlockhead.  Scotlaud. 

Found  in  Ptrtn..  at  PheuIivLlIe.  In  Virsinia,  at  Austin's  mines,  Wythe  Co.  In  If. 
CarolitM,  In  King's  mine.  In  Wisconsin  and  other  lead  mines  of  the  norlhweslem  Stales, 
rarely  in  crystals;  at  Hnzelgrcen,  crystals  coating  galena.  In  Colorado,  at  LeadviUe.  nnd 
elsewhere.  In  Ariiona,  at  the  Flui  mine,  Pima  Co.,  in  large  crystalline  masses;  In  crystals 
at  Ike  Red  Cloud  mine,  Yuma  Co. 


364  DESCRIPTIVE  MINERALOGY. 

BARTTOCALOrm. 

Monoclinic.  Axes  a:t:i  =  0-7717  :  1  :  0-6254;  /3  =  73°  52'.  In  crystals; 
^so  massive. 

Cleavage:  m  perfect;  cless  so.  Fracture  uneven  to  subconchoidal.  Brittle. 
H.  =  4.  G.  =  3-64-3-66.  Luster  vitreous,  inclining  to  resinous.  Color  white, 
grayish,  greenish  or  yellowish.     Streak  white.    Transparent  to  translucent. 

Comp. — Carbonate  of  barium  and  calcium,  BaCOs.UaCOs  =  Carbon  dioxide 
29-6,  baryta  51-5,  lime  18-9  =  100. 

P3rr.,  etc. — B.B.  colors  the  flame  yellowish  greeu,  and  at  a  high  temperature  fuses  on 
the  thin  edges  and  assumes  a  pale  green  color;  the  assay  reacts  alkaline  after  ienition. 
With  the  fluxes  reacts  for  manganese.  With  soda  on  charcoal  the  lime  is  separated  us  an 
infusible  mass,  while  the  remainder  is  absorbed  by  the  coal.  Soluble  in  dilute  hydro- 
•chloric  acid. 

Obs.— Occurs  at  Alston  Moor  in  Cumberland,  in  limestone  with  barite  and  fluorite. 

Biamntosph&rite.  Bi9(COs)s.2Bi90s.  In  spherical  forms  with  radiated  structure. 
•G.  =  7  42.  Color  yellow  to  gray  or  blackish  brown.  From  Schneeberg,  Saxony.  Also 
sparingly  at  Willimautic  and  Portland,  Conn.,  as  a  result  of  the  alteration  of  bismuthiuite. 

Parisite.  A  fluocarbonate  of  the  cerium  metals.  In  acute  double  hexagonal  pyramids. 
H.  =  4'5.  G.  =  4*858.  Color  brownish  yellow.  From  the  emerald  mines  of  the  Muso 
Talley,  U.  8.  Colombia. 

Bastnasite.  Hamartite.  A  fluocarbonate  of  the  cerium  metals  (RF)COs.  Color  wax- 
yellow  to  reddish  brown.  From  the  Bastnfts  mine,  Riddarhyttan,  Sweden.  Also  as  an 
^ilteration  product  of  tysonite  in  the  granite  of  the  Pike's  Peak  region  in  Colorado. 

PHOSGBNITE. 

Tetragonal.    Axis  i  =  1*0876.     Crystals  prismatic;  sometimes  tabular  ||  c. 

Cleavage:  w,  a  distinct;  alsoc.  Rather  sectile.  H.  =  2'75-3.  G.  =  6-0-6*3. 
Luster  adamantine.  Color  white,  gray,  and  yellow.  Streak  white.  Trans- 
parent to  translucent.     Optically  -f. 

Comp.— Chlorocarbonate  of  lead,  (PbCl),CO,  or  PbCO,.PbCl,  =  Lead 
<;arbonate  490,  lead  chloride  51*0  =  100. 

Pjrr.,  etc. — B.B.  melts  readily  to  a  yellow  globule,  which  on  cooling  becomes  white 
and  crystalline.  On  charcoal  in  R.F.  gives  metallic  lead,  with  a  white  coatiug  of  lead 
chloride.  With  a  salt  of  phosphorus  bead  previously  saturated  with  copper  oxide  gives  the 
ohlorine  reaction.     Dissolves  with  effervescence  in  dilute  nitric  acid. 

Obs. — At  Cromford  near  Matlock  in  Derbyshire;  at  Gibbas,  Monte  Poni  and  Monte- 
vecchio  in  Sardinia. 

Northupite.  MgCOsNaaCOj.NaCl.  In  isometric  octahedrons.  "White  to  yellow  or 
gray.     From  Borax  Lake,  San  Bernardino  Co.,  California. 


B.   Acid,  Basic,  and  Hydrous  Carbonates. 

Teschemacherite.     Acid  ammonium    carbonate,  IINH4CO8.     In  yellowish  to  white 
■crystals.     G.  =  1'45.     From  guano  deposits  of  Africji,  Patagonia,  the  Chincha  Islands. 


MALACHITE. 

Monoclinic.     Axes  a:t:d  =  0-8809  :  1  :  0-4012  ;  /3  =  GV  50'. 

Crystals  rarely  distinct,  usually  slender,  acicular  prisms  (mm'"  =  75°  40'), 
grouped  in  tufts  and  rosettes.  Twins:  tw.  pi.  a  common.  Commonly  massive 
or  incrusting,  with  surface  botryoidal,  or  stalactitic,  and  structure  divergent; 
often  delicately  compact  fibrous,  and  banded  in  color;  frequently  granular  or 
earthy. 

Cleavage:  c  perfect;  5 less  so.  Fracture  subconchoidal,  uneven.  Brittle. 
H.  =  3*5-4.     G.  =  3'9-4'03.      Luster  of  crystals  adamantine,    inclining  to 
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Titreous  ;  of  fibrons  varieties  more  or  less  silky ;  often  dull  and  earthy.    Color 
bright  green.     Streak  paler  green.    Translucent  to  subtranslucent  to  opaque,. 
Comp.-~Ba8ic    cupric    carbonate,   CuCO,.Cu(OH),   or   2CuO.CO,.H,0  = 
Carbon  dioxide  19*9,  cupric  oxide  71*9,  water  8*2  =  100. 

P3rr.,  etc.— In  the  closed  tube  blackens  and  yields  water.  B.B.  fuses  at  2,  coloring  the- 
flame  emerald- green;  on  charcoal  is  reduced  to  metallic  copper;  with  the  fluxes  reacts  like- 
cuprite.    Soluble  in  acids  with  effervescence. 

Diff. — Characterized  by  green  color  and  copper  reactions  B.B. ;  differs  from  other  copper 
ores  of  a  green  color  in  its  effervesceuce  with  acids. 

Obt.— Common  with  other  ores  of  copper  and  as  a  product  of  their  alteration ;  thus  as  a 
pseudomorph  after  cuprite  and  uzurite.  Occurs  abundantly  in  the  Ural;  at  Chessy  in 
France;  in  Cornwall  and  in  Cumberland,  England;  Rheinbreitbach;  Dillenburg,  Nassau: 
Betzdorf  near  Siegen.  At  the  copper  mines  of  Nizhni  Tugilsk;  with  the  copper  ores  of 
Cuba;  Chili;  at  the  Cobar  mines  and  elsewhere  in  New  South  Wales;  South  Australia. 

Occurs  in  N,  Jersey,  at  Schuyler's  mines,  and  at  New  Brunswick.  In  Pennsyltania,  at 
Cornwall,  Lebanon  Co.;  at  the  Perkiomen  and  Phenixville  lead-mines.  In  Wi$e<yniin,  at 
the  copper  mines  of  Mineral  Point,  and  elsewhere.  Abundantly  in  fine  masses  and  acicular 
crystals,  with  calcite  at  the  Copper  Queen  mine,  Bisbee,  Cochise  Co.,  Arisumti;  also  in 
Graham  Co..  at  Morenci  (6  m.  from  Clifton),  in  stalactitic  forms  of  malachite  and  azurite 
in  concentric  bands.  At  the  Santa  Rita  mines.  Grant  Co.,  and  elsewhere  in  New  Mexico^ 
Tin  tic  district,  Utah,    Named  from  fiaXaxijt  maUotot,  in  allusion  to  the  green  color. 

AZURTTZI.    Eupferlasur  Germ. 
Monoclinic.    Axes  :  a:i:d  =  0-8501  :  1  :  0-8805;  /?  =  87^  36'. 


716. 


717. 


718. 


mm"\  110  A  110 
ac,  100  A  001 
ea,  001  A  101 
«',   023  A  028 


80°  41'. 
Sr  86'. 
W  46'. 
60*  4r. 


pj/,  021  A  021 
cm,  001  A  110 
erf.  001  A  243 
M',  221  A  221 


120**  47'. 
SS"  10'. 
54"  2^. 
78"  56'. 


Crystals  varied  in  habit  and  highly  modified.  Also  massive,  and  presenting 
imitative  shapes,  having  a  columnar  composition;  also  dull  and  earthy. 

Cleavage:  ;?  (021)  perfect  but  interrupted;  a  less  perfect;  m  in  traces. 
Fracture  conchoid al.  Brittle.  H.  =  3*5-4.  G.  =  3-77-3-83.  Luster  vitreous^ 
almost  adamantine.  Color  various  shades  of  azure-blue,  passing  into  Berlin- 
blue.     Streak  blue,  lighter  than  the  color.     Transparent  to  subtranslucent. 

Comp.— Basic  cupric  carbonate,  2CuC0,.Cu(0H),  or  3Cu0.2CO,.H,0  = 
Carbon  dioxide  25*6,  cupric  oxide  69*2,  water  52  =  100. 

Pyr.,  etc. — Same  as  in  malachite. 

Di£F.— Characterized  by  its  blue  color;  effervescence  in  nitric  acid;  copper  reactions 
B.B. 

Obs.— Occurs  in  splendid  crystallizations  at  Chessy,  near  Lyons,  whence  it  derived  ihe 
name  Cheesy  Capper  or  eheesylite.  Also  in  fine  crystals  in  Siberia;  Moldawa  in  the  Banat; 
at  Wheal  Buller,  near  Rednith  in  Cornwall;  in  Devonshire  and  Derbyshire,  Sngland; 
Cobar  mines  and  elsewhere  in  New  South  Wales;  South  Australia.  ^ 

Occurs  in  Penn.,  at  Phenixville,  in  crystals.  In  N.  Jersey,  near  New  Brunswick.  In 
Wiiconein,  near  Mineral  Point.    In  Arizona,  at  the  Longfellow  and  other  mines  in  Qraham 
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Co. ;  with  malachite  in  beautiful  crystals  at  the  Copper  Queen  miue,  Bisbee.  lu  Graut 
Co.,  New  Mexico.  At  the  Mammoth  mine  in  the  Tintic  district,  Utah.  lu  California, 
Caluverus  Co.,  at  Hughes's  miue,  iu  crystals. 

Anrichalcite.  A  basic  carbonate  of  zinc  and  copper,  2(Zn,Cu)COs.3(ZD,Cu)(OH),. 
In  drusy  iucrustations.  G.  =  8*54-8  64.  Luster  pearly.  Color  pule  green  to  sky-blue. 
From  the  Altai;  Chessy,  near  Lyons;  Hezbanya,  Hungary;  and  elsewhere.  In  the  U.  S.,  at 
Lancaster,  Pa.;  the  Santa  Caterinu  Mts.,  Arizona;  Beaver  Co.,  Utah. 

Hydrozincite.  A  basic  zinc  carbonate,  perhaps  ZnC0t.2Zn(0U),.  Massive,  fibrous, 
«arthy  or  compact,  as  incrustations.  G.  =  8*58-8'8.  Color  white,  grayish  or  yellowish. 
Occurs  at  mines  of  zinc,  as  a  result  of  alteration.  In  great  quantities  at  the  Dolores  mine, 
dantander,  Spain.     In  the  U.  S.,  at  Friedensville,  Pa.;  at  Linden,  in  Wisconsin. 

Hydrocerustite.  A  basic  lead  carbonate,  probably  2PbC08.Pb(OH),.  In  thin  colorless 
hexagonal  plates.  Occurs  as  a  coating  on  native  lead,  at  L&ngbau,  Swedeu;  with  galena 
at  Wanlockhead,  Scotland. 

Dawsonite.  A  basic  carbonate  of  aluminium  and  sodium,  NasAl(C03)s.2Al(OH)t. 
In  thin  incrustations  of  white  radiating  bladed  crystals.  G.  =  2*40.  Found  on  a  feldspathic 
dike  near  McGill  College,  Montreal.  From  the  province  of  Siena,  Plan  Castaguaio, 
Tuscany. 


Thermonatrita.  Hydrous  sodium  carbonate,  Na^COt-f  H,0.  G.  =  1*5-1*6.  Occurs 
in  various  lakes,  and  as  an  efflorescence  over  the  soil  in  many  dry  regions. 

Nesqnehonite.  Hydrous  magnesium  carbonate,  MgCOt  +  8H,0.  In  radiating  croups 
of  prismatic  crystals.  G.  =  1 '83-1 '85.  Colorless  to  white.  From  a  coal  mine  at  risque- 
honing,  Schuylkill  Co  ,  Penn.     See  lansfordite,  p.  867. 

Natron.  Hydrous  sodium  carbonate,  NaaCOs  +  10H«O.  Occurring  in  nature  only  in 
solution,  as  in  the  soda  lakes  of  Egypt,  and  elsewhere,  or  mixed  with  the  other  sodium 
carbonates. 

PirsBonite.  CaCOs.NatCO8.2H9O.  In  prismatic  crystals,  orthorhombic-hemimorphlc. 
Colorless  to  white.    Borax  Lake,  San  Bernardino.  California. 


GAYLUSSITE. 

Monoclinic.     Axes  a 

719. 


1)\6=z  1-4897  :  1  :  1*4442;  /?  =  78°  27'. 

''^O.  rnm"\  110  A  110  =  lir  10'. 

ee\  Oil  A0il.=  10r  30'. 
me,  110  A  Oil  =  42**  21'. 
rr',       112  A  112  =    69**  29'. 


Crystals  often  elongated  |  A;  also 
flattened  wedge-sliaped.  Cleavage: 
m  perfect;  c  rather  difficult.  Frac- 
ture conchoidal.  Very  brittle.  H.  =• 
2-3.  G.  =  1-93-1 -95.  Luster  vitre- 
ous.  Color  white,  yellowish  white. 
Streak  uncolored  to  grayish.     Translucent. 

Comp. — Hydrous  carbonate  of  calcium  and  sodium,  CaCOa-Na^CO,  +  5H,0 
=  Calcium  carbonate  33*8,  sodium  carbonate  35*8,  water  30*4  =  100. 

Pyr.,  etc. — Heated  in  a  closed  tube  decrepitates  and  becomes  opaque.  B.B.  fuses 
easily  to  a  white  enamel,  and  colors  the  flame  intensely  yellow.  Dissolves  in  acids  with  a 
brisk  effervescence:  partly  soluble  in  water,  and  reddens  turmeric  paper. 

Obs.— Abundant  at  ligunilla,  near  Merida.  in  Venezuela,  in  crystals  disseminated  at 
the  bottom  of  a  small  lake,  in  a  bed  of  clay,  covering  urao.  Also  abundant  in  Little  Salt 
Lake,  or  Soda  Lake,  in  the  Carson  desert  near  Ra^town,  Nevada,  deposited  upon  the 
evaporation  of  the  water.    Named  after  Gay  Lussac.  the  French  chemist  (1778-1850). 

Lanthanite.  Laa(COOs  +  9H,0.  In  thin  tabular  crystals;  also  granular,  earthy. 
O.  =  2 '605.    Color  grayish  white,   pink,  yellowish.    Found  coating  oerite  at  Baftnfia^ 
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Sweden;  with  zinc  ores  of  the  Sancon  valley,  Lehigh  Co.,  Pa.;  at  the  Sandford  iron-ore  bed. 
Aloriah^  N.  Y. 


TRONA.    Urao. 
Monoclinic.    Axes:  a:h:d  =  2*8460 :  1 :  2-9700;  fi  =  77**  23'. 

ca,    001  A  100  =  77' 23'.  72i 

CO,    001  A  ill  =  75»  681'. 


00",  ill  A  Hi  =  47"  861'.  ^y^^  c 

Often  fibrous  or  columnar  massive. 
Cleavage:  a  perfect;  o,  c  in    traces.    Fracture 
uneven  to  subconchoidal.     H.  =  2*5-3.     G.  =  2'11- 


2*14.     Luster  vitreous,  glistening.     Color  gray  or  yellowish  white.     Translu- 
cent.    Taste  alkaline. 


38 


Comp.— Na,CO,.HNaCO.  +  2H,0  or  3Na,0.4CO,.5H,0  =  Carbon  dioxide 
•9,  soda  41*:;^,  water  19*9  =  100. 


Cbatard  estiiblisbed  tbe  above  compositioD  for  urao,  and  showed  that  trona,  sometimes 
called  "  scsquicarbouate  of  soda/'  is  an  impure  form  of  the  same  compound. 

P3rr.,  etc.— In  tbe  closed  tube  yields  water  and  carbon  dioxide.  B.B.  imparts  an 
fn tensely  yellow  color  to  the  flame.  Soluble  in  water,  and  effervesces  with  acids.  Reacts 
alkaline  with  moistened  test-paper. 

Ob«. — Found  in  the  province  of  Fezznn,  Africa,  forming  thin  superficial  crusts;  at  the 
bottom  of  a  lake  at  Lagunilla,  Venezuela,  S.  A.  Efflorescences  of  trona  occur  near  the 
Sweetwater  river.  Rocky  Mountains.  An  extensive  bed  in  Churchill  Co.,  Nevada.  In 
fine  crystals  at  Borax  lake,  San  Bernardino  Co.,  Califortiia,  with  hauksite,  glauberite, 
thenardite,  etc. 

Hydromagnesite.  Basic  magnesium  carbonate,  8MgCOt.Mg(OH)9  -f  8H3O.  Cr3'stals 
small,  tufted.  Also  amorphous:  as  chalky  crusts.  Color  and  streak  white.  Often  occurs 
with  serpentine;  thus  at  Hrubschtttz,  in  Moravia;  at  Eraubat,  Styria,  etc.  Also  similarly 
Dear  Texas,  Pa.;  Hoboken.  N.  J. 

Hydrogiobertite.  MgCOj.Mg(OH)«-|- 2HaO.  In  light  gray  spherical  forms.  From 
the  neighborhood  of  Pollena,  Italy. 

Lansfordite.  |MgC08.Mg(0H)s  -(-  21H,0.  Occurs  as  small  stalactites  in  the  anthracite 
mine  at  Nesquehoniug  near  Lansford,  Schuylkill  Co.,  Penn.;  changed  on  exposure  to 
nesquebonite. 

Zaratite.  Emerald  Nick4'l.  NiCO«  2Ni(OH)«  +  4H«0.  In  mammillarj- incrustations;  also 
massive,  compact.  Color  emerald-crcen.  Occurs  on  chromfte  at  Texas,  Lancaster  Co. ,  Pa. ; 
at  Swinaness,  Uust,  Shetland,  and  elsewhere. 

Remingtonite.  A  hydrous  cobalt  carbonate.  A  rose  colored  incrustation,  soft  and 
earthy.    Prom  a  copper  mine  near  Finksburg,  Carroll  Co.,  Maryland. 

Tengerite.  A  supposed  yttrium  carbonate.  In  white  pulverulent  coatings.  On  gado- 
linife  at  Ytterby.     A  similar  mineral  is  associated  with  the  gadolinite  of  Llano  Co..  Texas. 

Bismutite.  Wismuthspath  Germ.  A  ba5»ic  hi^smuth  carbonate,  perhaps  Bi90«.C0«.H,0. 
Incrnstinpr,  or  earthy  and  pulverulent;  amorphous.  G.  =  6-86-6-9  Brelth.;  7*67  Rg.  Color 
white,  green,  yellow  and  gray.  Occurs  at  Schreeberg  and  Johanngeorgenstadt,  with  native 
bismuth,  and  at  Joachimsthal,  etc.  In  the  U.  S.,  in  So.  Carolina,  at  Brewer's  mine;  in 
Gaston  Co.,  N.  C,  etc. 

Uranothallite.  2CaCO«.U(CO,),.10H,O.  In  scaly  or  granular  crystalline  aggregates. 
Color  siskin-green.     Occurs  on  uraninite  at  Joachimsthal,  Bohemia. 

Liebigite.  A  hvdrous  carbonate  of  uranium  and  calcium.  In  mammillary  concretions, 
or  thin  coatings.  O^Jor  apple-green.  Occurs  on  uraninite  near  Adrianople.  Turkejr;  also 
Johannireorgenstadt  and  Joachimsthal. 

Vofflite.  A  hydrous  carbonate  of  uranium,  calcium  and  copper.  In  aggregations  of 
crystalline  scales.  Color  emerald-green  to  bright  grass-green.  Prom  the  Elias  mine,  near 
Joachimsthal.  on  uraninite. 
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Oxygen  Salts. 
2.  SIIiIOATES. 

The  Silicates  are  in  part  strictly  anhydrous,  in  part  hydrous,  as  the  zeolites 
and  the  amorphous  clays,  etc.  Furthermore,  a  large  number  of  the  silicates 
yield  more  or  less  water  upon  ignition,  and  in  many  cases  it  is  known  that  they 
are,  therefore,  to  be  regarded  as  basic  (or  acid^  silicates.  The  line,  however, 
between  the  strictly  anhydrous  and  hydrous  silicates  cannot  be  sharply  drawn, 
since  with  many  species  which  yield  water  upon  ignition  the  'part  played  by 
the  elements  forming  the  water  is  as  yet  uncertain.  Furthermore,  in  the  cases 
of  several  groups  the  strict  arrangement  must  be  deviated  from,  since  the 
relation  of  the  species  is  best  exhibited  by  introducing  the  related  hydrous 
species  immediately  after  the  others. 

This  chapter  closes  with  a  section  including  the  Titanates,  Silico-titanates, 
Titano-niobates,  etc.,  which  connect  the  Silicates  with  the  Niobates  and 
Tantalates.     Some  Titanates  haVe  already  been  included  among  the  Oxides. 


Section  A.   Chiefly  Anhydrous  Silicates. 

I.  Disilicates,  Folysilicates. 
n.  Metasilicates. 
ni.  Orthosilicates. 
rv.  Subsilicates. 

The  Disilicates,  KSi,0^,  are  salts  of  disilicic  acid,  H^Si^O^,  and  have  an 
oxygen  ratio  of  silicon  to  bases  of  4  :  1,  as  seen  when  the  formula  is  written 
after  the  diialistic  method,  110.2810,. 

The  PoLYSiLiCATES,  R^SijO,,  are  salts  of  polysilicic  acid,  H^Si,0„  and 
have  an  oxygen  ratio  of  3  :  1,  as  seen  in  2K0.3SiO,. 

The  Metasilicates,  RSiO,,  are  salts  of  metasilicic  acid,  n,SiO„  and  have 
an  oxygen  ratio  of  3  :  1.     They  have  hence  been  called  hisilicates. 

The  Orthosilicates,  R,SiO„  are  salts  of  orthosilicic  acid,  H^SiO,,  and 
have  an  oxygen  ratio  of  1  :  1.  They  have  hence  been  called  iinisilicates.  The 
majority  of  the  silicates  fall  into  one  of  the  last  two  groups. 

Furthermore,  there  are  a  number  of  species  characterized  by  an  oxygen 
ratio  of  less  than  1  :  1,  e.g.,  3  :  4,  2  :  3,  etc.  These  basic  species  are  grouped 
as  Subsilicates.  Their  true  position  is  often  in  doubt;  in  most  cases  they 
are  probably  to  be  regarded  as  basic  salts  belonging  to  one  of  the  other  groups. 

The  above  classification  cannot,  however,  be  carried  through  strictly,  since 
there  are  many  species  which  do  not  exactly  conform  to  any  one  of  the  groups 
named,  and  often  the  true  interpretation  of  the  composition  is  doubtful. 
Furthermore,  witliin  the  limits  of  a  single  group  of  species,  connected  closely 
in  all  essential  characters,  there  may  be  a  wide  variation  in  the  proportion  of 
the  acidic  element.  Thus  the  triclinic  feldspars,  placed  among  the  polysili- 
cates,  range  from  the  true  polysilicate,  NaAlSi,Og,  to  the  orthosilicate, 
CaAl,Si,0,,  with  many  intermediate  compounds,  regarded  as  isomorphous 
compounds  of  these  extremes.  Similarly  of  the  scapolite  group,  which,  how- 
ever, is  included  among  the  orthosilicates.  since  the  majority  of  the  compounds 
observed  approximate  to  that  type.     The  micas  form  another  example. 
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I.  Difdlloates,  BSi,0..    FolysiUcates,  B,Si,0,. 

PBTAUTB. 

MoDoclinic.  Crystals  rare  (castorite).  Usually  massive^  foliated  cleavable 
(petal  ite). 

Cleavage :  c  perfect;  o  (201)  easy,  z  (S05)  difficult  and  imperfect.  Fracture 
imperfectly  conchoidal.  Brittle.  H.  =  6-6'5.  G.  =  2 '39-2  •46.  Luster 
vitreous,  on  c  pearly.  Colorless,  white,  gray,  occasionally  reddish  or  greenish 
white.     Streak  uncolored.     Transparent  to  translucent. 

Comp— LiAl(Si,Oj,  or  Li,O.Al,0..8SiO,  =  Silica  78-4,  alumina  16-7,  lithia, 

4-9  =  100. 

"Pyx.,  etc. — Gently  heated  emits  a  blue  pbosphoresceDt  light.    B.B.  on  charcoal  becomes 

glassy,  siibtniDsparent,  and  white,  and  melts  only  on  the  edges;  gives  the  reaciiou  for 
tbia.    With  bornx  it  forms  a  clear,  colorless  kIass.     Not  acted  on  by  acids. 
Obs. — Petalite  occurs  at  the  iron  mine  of  UtO.  Sweden,  with  lepidolite,  tourmi^line. 
spodumene,  and  quartz;  on  Elba  {castorite).    In  the  U.  S.,  at  Bolton,  Mass.,  with  scapolite; 
nt  Peru.  Maine,  with  spodumene  in  albite.    The  name  petalite  is  from  neraXov,  a  Uaf^ 
alluding  to  the  clea vnge. 

Blilarito.  HECaaAlafSitOOe.  In  hexagonal  prisms.  H.  =  5*5-6.  G.  =  2  55-2*59. 
Colorless  to  pale  green,  glassy.     From  Val  Giuf,  Grisons.  Switzerland. 

XSudidymite.  HNaBeSisOs.  In  white,  glassv,  twinned  crystals,  tabular  in  habit. 
H.  =6.  G.  =  2*553.  Occurs  very  sparingly  in  elseolite-syenite  on  the  island  Ovre-ArO, 
in  the  Langesund fiord,  Norway. 

XSpidid3rmite.   Same  composition  as  eudidymite.  Orthorhombic.    Southern  Greenland^. 


Orthoolase 

Soda-Orthoclase 
Hyalophane 


Microcline 

Soda-microcline 
Anorthoclate 


Feldspar  Group. 
a,  Monoelinic  Section. 
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KAlSi.O, 
(K,Na)AlSi,0, 

(Na,K)AlSi,0. 

(K„Ba)Al,Si.O,. 


0-6585  :  1 


fl.  Tridinte  Section. 

KAlSi.O. 

(K,Na)AlSi,0, 

(Na,K)AlSi,0. 


6 
0-5554 


0-6584  : 1 :  0-5512 
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116°    2'- 


O   OK» 


115°  35 


AIblt«-anortbite  Series.    Plagiodate  Feldspar*. 


Albite  NaAlSi.O, 

Oligodaie    ) 

Labradorite  J 

Anorthite         CaAl,Si,0, 

Celtian  BaAl.Si.O, 


a :  h :  i                   a  /3              y 

0-6335  :  1  :  0*5577  94°      3'  116°  29'  m""    9' 

0-6321  :  1  :  0*5524  93°      4'  116°  23'  90°    5' 

0-6357  :  1  :  0-5521  93°   23'  116°  29'  89°  59' 

0-6377:1:0-5547  93°    31'  116°    3'  89°  54^' 

0-6347  :  1  :  0*5501  93°    13'  115°  55'  91°  12' 

90i° 
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The  eeneni  charactera  of  the  species  belonging  in  the  Feldspab  Obodp 
are  as  f oIIowb  : 

1,  CrjfgtaUiiaiioH  in  the  monoolinio  or  triclinio  systems,  the  cirstals  of  the 
different  species  resembling  each  other  closely  in  angle,  in  general  habit,  and 
in  methods  of  twinning.  The  priamatio  angle  in  aD  oases  differs  bat  a  few 
degrees  from  6U°  and  130°. 

2,  Cleavage  in  two  similar  directions  parallel  to  the  base  c  (001)  and  clino- 
pinncoid  (or  bracbypinacoid)  b  (010),  inclined  at  an  angle  of  90°  or  nearly  90". 
3,  Hardness  between  6  and  6'5.  4,  Specific  Gravity  varying  between  2  5  and 
2'9,  and  mostly  between  2'55  and  2'75.  6,  Color  white  or  pale  shades  of 
yellow,  red  or  green,  less  commonly  dark.  6,  In  composition  silicates  of  ala- 
minium  with  either  potassinm,  sodinm,  or  calcinm,  and  rarely  barium,  while 
magnesium  and  iron  are  always  absent.  Furthermore,  besides  the  several 
distinct  species  there  are  many  intermediate  componnds  having  a  certain 
independence  of  character  and  yet  connected  with  each  other  by  insensible 
sradations;  all  the  members  of  the  series  showing  a  close  relationship  not  only 
ID  composition  but  also  in  crystalline  form  and  optical  characters. 

The  species  of  the  Feldspar  Group  are  classified,  first  as  regards  form,  and 
second  with  reference  to  coniposition.  The  monocUnic  species  include  (see 
above):  Orthoclase,  potassium  feldspar,  and  Soda-obthoclase,  potasaium- 
■odium  feldspar;  also  Htalofhaite,  barium  feldspar. 

The  tricltnic  species  include :  Microcline  and  Anorthoclase,  potaseiom- 
Bodium  feldspars;  Albitb,  sodium  feldspar;  Ajsobthite,  calcium  feldspar; 
Oelsian,  barium  feldspar. 

Also  intermediate  between  albite  and  anorthite  the  isomorphons  sub-specie^ 
sodium-calcium  or  calcinm-soditim  feldspars:  Oliqoolabb,  Ahdesihb,  IIabea- 

DOBITE. 

a.  Monoctinie  Section. 


Monoclinic     Axes  a:i:i  =  0-6585  :  1  :  0-5554;  y?  =  63°  57'. 
723.  733.  724.  730. 


,  110AliO  =  6r  Iff. 

130  A  ISO  =  58°  48'. 
001  A  101  =  50'  16i'. 

001 A  5oi  =  so-  ir. 


001  A  021  =  44°  581'. 
021  A  031  =  80'  58'. 
001  A  110  =  67"  47. 
001  A  in  =55°  14|'. 


Twins:  tw.  pi.  (1)  a  (100),  or  tw.  axis  d,  the  common  Carlsbad  twins, 
either  of  irregular  penetration  (Fig.  727)  or  contact  type;  the  latter  usually 
with  b  OH  compositioo'face,  often  then  (Fig.  738)  with  e  and  x  nearly  in  a 


SILICATES.  371 

plane,  bat  to  be  diBtingnUhed  by  luster,  cleavage,  etc.  (2)  n  (021),  the  Baveno 
twins  forming  nearly  square  prisms  (Fig.  1'i^),  since  en  =  44  56^',  and  hence 
€0  —  8^°  53';  often  repeated  as  fourlinga  (iig.  417,  p.  129),  also  in  square 
prisms,  elongated  [  a.  (3)  c  (001),  the  Manebach  twins  (Fig.  730),  usually 
contact-twins  with  c  as  comp.-face.     Also  other  rarer  laws. 

Crystals  often  prismatic  |  i;  sometimes  orthorhombic  in  aspect  (Figs.  733, 
725)  since  c  and  x  are  inclined  at  nearly  equal  angles  to  i;  also  elongated  ||  (i 
(Fig.  726)  with  iand  c  nearly  equally  oeveloped;  also  thin  tabular  U  b:  rarely 
tabular  H  a,  a  face  not  often  observed.  Often  massive, 
coarsely  cleavable  to  CTanular;  sometimes  lamellar.  Also 
compact  cry p to-crystalline,  and  flint-like  or  jasper-like. 

Cleavage:  c  perfect;  b  somewhat  less  so;  prismatic  vi 
imperfect,  but  usually  more  distinct  parallel  to  one  pris- 
matic face  than  to  the  other.  Parting  sometimes  distinct 
parallel  to  a  (100),  also  to  a  hemi-orthodome,  iuclined  a 
few  degrees  to  the  orthopinacoid ;  this  may  produce  a  satin- 
like  luster  or  schiller  (p.  190),  the  latter  also  often  present 
when  the  parting  is  not  distinct.  Fracture  conchoidal  to 
uneven.  Brittle.  H.  =  6.  G.  =  2-57.  Luster  vitreous; 
on  c  often  pearly.  Colorless,  white,  pale  yellow  and  flesh- 
red  common,  gray;  rarely  green.  Streak  nncoloved. 
737.  728.  72B. 


730. 


ysk/ 


Optically  negative  and  Bx^  J.  5  in  all  ( 

fj^  sometimes   ||  b, 


(Fig.  731).  Ax.  pi.  usually  X*. 
changing  from  the  former  to 
the  latter  on  increase  of  temperature  (see  p.  Hh). 
For  adularia  (Dx)  Bi^^  A  -!  =  -  G9°  11',  B.Vhi  A 
i  =  —  69"  37'.  Uence  Bx.  and  the  eitiiiction- 
(lirection  (Fig.  731)  inclined  a  few  degrees  only  to 
a,  or  the  edge  b/c;  thus -f- 3"  to  +  7"  usually,  or 
up  to  4- 10°  or -f- 12°  in  varieties  rich  in  Na,0. 
Dispersion  p  >  r;  also  horizontal,  strongly  marked, 
or  inclined,  according  to  position  of  ax.  pi.     Aiial 


angles 
-  0-005. 


ible.     liiretringence  !o( 
For  adularia  (Ds). 


=  0007 


«r  =  15190.    /)),  =  15237.    ?',  =  :-5260. 

.  ■.  3V,  =  69°  43',     3E,  =  121°  6'. 

Comp.,  Tar, — A  silicate  of  aluminium  and  potassium,  KAISi.O,  or 
K:,0.A1  O..68i0,  =  Silica  64-7,  alumina  18-4,  potash  16-9  =  100.  Sodium  is 
often  also  present,  replacing  part  of  the  potassium,  and  Bometimea  exceeds  it 
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Id  HmonDt;   these  rarieties  are  embraced  under  the   name  aoda^orthodase 

(NatronorthoklaB  Germ.). 

The  piomineat  varieLies  depeud  upoD  crystalliiie  habit  and  method  of  occurreoce  mors 
than  upon  (liHereiice  of  cumposltioQ. 

1.  Adularia.  The  pure  or  nearly  pure  poloBsium  Bllicale.  Usually  in  cryatals,  Ilka 
Fig.  735  Id  hftbil;  often  with  vlciual  planes:  Baveuo  tvrjtia  common.  O.  =  3'565.  Trans- 
parent  or  nearly  bo.  Otteu  with  a  pearly  opaleecent  rtfiectiou  (ir  achiller  or  a  delicate  play 
of  colors;  some  moorutoae  U  here  Included,  liut  (he  renmimler  belougH  to  iilbiie  or  other  of 
the  tricliuic  feldspars.  The  original  ailularia  (Adulan  is  from  Ibe  St.  Ootbard  region  fa 
Switzerliind.      VitUncianiU.  from  the  silver  mine  of  Valencia,  Mexico,  is  adularia. 

2.  Sanidine  or  gUuty  feidspar.  Occurs  In  crystals,  often  trauspareiii  imd  glassy, 
embedded  in  rhyollle,  irachyie  (iis  of  tbe  Siebengebirge),  pbonoliie.  etc.  Habit  often 
tabular  |  b  (hence  named  from  /ruyii,  a  labUt,  or  board);  also  In  square  prisms  (A.  e);  Carls- 
bad twius  common.  Host  vntieiies  coutain  sodium  aa  a  prominent  constituent,  and  hence 
belong  to  the  sodn-Drlboclase. 

Wiyacoliie.  Eittpath  Werner.  Occurs  In  glossy  crystals  at  Monte  Sommn;  named  from 
pvai,  itream  (lava  stream). 

3.  Ordinary.  In  crystals,  Carlsbad  and  other  twins  common;  also  massive  orcleavable, 
varylHg  in  color  from  white  to  pale  yellow,  red  or  green,  translucent :  sometimes  aventuHoe. 
Here  Mlongs  the  common  feldspar  of  gnmitoid  rocks  or  gmuiie  veins.  Ustially  contains  a 
greater  cir  less  percentage  of  soda  (sodn-orthoclnse).  Compact  cryplocryslalllne  ortboclase 
makes  up  the  mnss  of  much  felsitei  but  to  n  greater  or  leas  degree  iidttilxed  with  qunrlz;  of 
Yarlous  colors,  from  white  and  brown  to  deep  red.  Much  of  what  has  been  called  ortbo- 
clase. or  common  potash  feldfpar,  bas  proved  to  belong  to  the  related  tricllnic  specie*. 
microcline.  Cf.  p.  874  on  the  relations  of  the  two  species.  Cbesterllte  and  Ama7.on  stone 
are  microcline:  also  most  aveuturlne  ortUoclase.  IioroeloM  contains  sodium  In  considerable 
amount  (7-6  Na,0|.  From  Hiimmnod,  8t.  Lawrence  Co.,  N.  Y.  MiircliuoniU  is  n  flesU- 
red  feldspar  similar  to  pcrlhite  (p.  373),  with  gold  yellow  retteclionx  In  a  direction  i.  h  and 
nearly  parallel  to  701  or  SOI  (p.  371).     From  Dawllsb  and  Exeter.  England. 

The  spherulites  noted  In  some  volcanic  rocks,  as  in  the  rhyolite  of  Obsidian  CIlfT  In  the 
Yellowsioue  Park,  are  believed  to  consist  essentially  of  orthoclnse  neetlles  with  quarts. 
These  are  uhown  in  Pigs.  7JS  and  73ii  (from  Iddlngd;  much  magolSed)  as  they  appear  In 
polarized  light  (crossed  nicols). 

732.  733. 


Pyr.,  etc. — B.B.  fii-esat  .'>:  viirleties  containing  much  soda  are  more  fusible,  Loxoclase 
foses  at  4.     Not  ncteil  upon  by  arids. 

Diff  — Clinrncterixcd  by  Us  crystalline  form  and  the  two  cleavages  at  right  angles  to  each 
other;  harder  tbiin  bnrjte  and  calcilo:  not  attacked  by  acids;  diffleullly  fusible.  Massive 
corundum  is  much  ha'der  and  has  a  higher  specific  gravity. 

Distinguished  in  rock  spctlons  by  its  low  refraction  (low  relief)  and  low  interference- 
colors,  wbich  lust  scarcely  rise  to  while  of  tbe  first  order — hence  lower  than  those  of  quartr; 
also  by  its  biaxial  character  in  convergent  light  and  by  the  distinct  cleavages.  It  Is  colnr- 
less  in  ordinary  light  and  may  be  limpid,  but  is  frequently  tnrbld  and  brownish  from  the 
presence  of  vi-ry  minnle  scales  of  kaolin  due  to  alteration  from  weathering:  this  change  is 
eipcciully  commim  in  tbe  older  ginnular  rocks,  as  granite  and  gneiss. 
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Obi. — Ortliocliiac  in  its  Mrerikl  vaiietieB  belongs  especlRlIf  lo  tbe  crystalline  rocks, 
occurrlug  aa  an  eBseotial  coDSCitueDt  of  gmuile,  guelsa,  syenite,  also  porpjijry,  furtlier  (var., 
tanidiiitj  tracliytc.  plioDolile,  etc.  lu  the  maasive  gnvmroid  rucks  it  is  semom  in  distinct, 
wull-furined,  sepanble  urystuU.  except  iti  veins  and  cnvltlea;  such  crysisls  are  more  cuiii- 
uon,  bowever,  lu  volcanic  rocks  like  trachyte. 

Adviai-ia  riccurs  In  tlie  crystalline  rocks  of  tbe  central  and  eastern  Alps,  assoclaled  with 
smoky  quartz  and  alblie.  also  tltanlte,  apatite,  etc;  Ibe  crystals  aru  often  coated  with 
cblurile:  also  on  EltM.  Fine  crystals  of  orthoclase,  often  twbis,  are  obtained  front  Bavtoo. 
Lagu  Maggiore;  tbe  Fleimsibal,  a  red  variety;  Valtluriana;  Bodenmais,  Carlsbad  and 
Elbugeu  in  Bubemin;  Striegaii,  etc..  in  Bilesia.  Also  Arendal  in  Norway,  and  near 
SLaiiiinsk  lu  the  Ural;  Laud's  End  and  St.  Agnes  in  Cornwall;  tbe  Hourne  Mis,,  Ireland, 
'  Willi  t>cryl  aud  topaz.  From  Tamagaoia  Yama,  Japun,  with  topaz  and  smoky  quarts. 
Moonttone  Is  brought  from  Ceylon. 

In  tbe  U.  Stales.  orllioclaHe  Is  cnmmon  In  tbe  crystalline  rocks  of  New  England,  also  of 
States  south,  further  Colunido,  California,  etc.  Thus  at  tbe  Paris  tourmaline  locality.  Id 
.  11.  Hanyp..  at  Acwonh.  In  Matt.,  at  South  Itoyalslon  and  Barre.  In  Coim.,  at  Haddam 
and  Middletown,  in  large  coarse  cryslaia.  lu  N.  York,  In  St.  Lawrence  Co.,  at  Itosaie;  at 
Hammond  (loxoiiatt):  in  Lewis  Co..  in  white  limestone  near  Natural  Bridge;  iit  Amity  and 
Edeaville.  In  Ann.,  In  crystals  at  Leipervllle,  Mineral  Hilt,  Dtlaware  Co.;  suu^tone  in 
Eennett  Township.  In  N.  Oar.,  at  Waablu^cton  Mine.  Davidson  Co.  In  Colorado,  at  the 
Buminit  of  Mt.  Antero,  Chaffee  Co.,  in  line  crystals,  oltenlwins;  at  Gunnison;  Black  Hawk; 
Eokoma.  Summit  Co.,  also  at  other  points.     A'so  siiniliirly  In  Nevada  and  CallfoiDis. 

Ortboclase  la  frequently  altered,  especially  Ibrangh  tbe  acllon  of  carbonaltd  or  alkalino 
waters;  tbe  final  result  is  often  tbe  removal  of  the  potash  and  tbe  formation  of  kaolin. 
Steatite,  talc,  chlorite,  leuclte,  mica,  laumontite,  occur  as  pseudomorphs  afrer  ortboclase; 
and  cassiteHte  and  catcito  often  replace  these  feldspars  by  some  process  of  solution  and 
subslitutlon. 

PfCRTRiTE.  As  first  described,  a  flesh-red  aventurlne  feldspar  from  Perth,  Ontario, 
Canada,  cnlleil  a  Hodn-orthoclase,  but  shown  by  Gerhard  to  consist  of  Inter  Ismlnated  ortho- 
-clase  and  albile.  Many  similar  occurrences  have  since  been  noted,  aa  aho  those  in  which 
mlcrocliae  and  albite  are  similarly  luterlamlnated,  the  latter  called  mieTOcline-jieiOiite,  oi 
microcline-albite-pertbite;  ibis  is  true  In  part  of  the  original  perlbiie.  When  tlie  structure 
JB  discernible  only  with  the  help  of  the  microscope  It  Is  called  microperthHe.  BrOi'ger  lias 
investigated  not  only  the  microperthltes  of  Norway  (Orlhoklasmikropei  Ibit.  Mikroklio- 
m  Ik  ro  pert  bit),  but  also  other  feldspars  characterized  by  a  marked  scliiller;  he  a^Eumes  the 
«iisience  of  an  extremely  fine  Inlerlamlnation  of  slbito  and  orthoclase  1 801,  not  discernible 
bv  the  microscope  (ciyptopettbile),  and  conuecled  with  secondary  planes  of  parting  1 100  or 
I  801.  which  la  probably  to  be  eiplalned  as  due  to  Incipient  alleration. 

Hyalophane,  (K,,Ba)AI,(SiO,).  or  K,O.Ba0.3AI,0,.8SiO,.  Silica  Gl'6,  alumina  21-9. 
biiryln  18-4.  potash  10-1  =  100.  In  crystals,  like  adularla  in  habit  (Fig.  735,  p.  870);  also 
mas-ive.  Cleavage:  e  perfect;  bsumewhnt  less  so.  H.  =  0-0'5,  G,  =  31305.  Occurs  in 
a  granular  dolomite  la  the  BInnenlbal,  Switzerland;  also  at  the  manganese  mine  of  Jakobs- 
1>erg.  Sweden,  Some  oUier  feldspars  coDlaining  7  to  15  p.  c.  BaO  have  been  described  (cf. 
also  celsian,  p.  381). 

fi.  Triclinic  Section. 
MIOROOUKB. 

Triclinic.  Kear  orthoclase  in  angles  and  habit,  bnt  the  angle  be  =  about 
89°  30'.  TwinB:  like  orthoclase,  also  polysynthetic  twinning  according  to  the 
albito  and  pericline  laws  (p.  375),  common,  "734. 

producing  two  series  of  fine  lamellm  nearly 
at  right  angles  to  each  other,  hence  the 
characteristic  grating-structure  of  a  basal 
section  in  polarized  light  (Fig.  734).  Also 
massive  cleavable  to  granular  compact. 

Cleavage:  cperfect;  S  somewhat  less  so; 
M  (iTO)  sometimes  distinct;  m  (110)  also 
sometimes  distinct,  but  less  easy.  Fracture 
uneven.  Brittle.  H.=  6-6-5,  G.  =  2-54-2-5T. 
Jjiistcr  vitreous,  on  c  sometimes  pearly. 
■Color  white  to  pale  cream-yellow,  also  red,  green.    Transparent  to  translucent. 
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Optically  — .     Ax.  pi.   nearly  perpendicular  (82°-83®)   to  b.      Bxo  inclined 

15°  26'  to  a  normal  to  h.     Dispersion  p  <  v  about  Bxo.     Extinction-angle  ou 

c,  +  15°  30';  on  I,  +  5°  to  6°  (Fig.  739,  p.  375).     2H^r  =  88°  to  89°,  Dx. 

The  esseutiul  identity  of  orthoclase  and  inicrocliue  has  been  ur^ed  by  Mallard  and 
Michel-Levy  on  the  ground  that  the  properties  of  the  former  would  belong  to  au  aggregate 
of  submicroscopic  twinning  lamellse  of  the  latter,  according  to  the  albite  and  pericline  laws* 

Comp.,  Tar.— Like  orthoclase,  KAlSi.O,  or  K,O.Al,0,.6SiO,  =  Silica  64*7, 
alumina  18*4,  potash  16*9  =  100.  Sodium  is  usually  present  in  small  amount: 
sometimes  prominent,  as  in  soda-microcline. 

"Pyx. — As  for  orthoclase. 

Di£F. — Resembles  orthoclase  but  distinguished  by  optical  characters  (e.g.,  the  grating 
structure  in  polarized  light,  fig.  784);  also  often  shows  fine  twinning-striations  on  a  basal 
surface  (albite  law). 

Obfl. —  Occurs  under  the  same  conditions  as  much  common  orthoclase.  The  beautiful 
amazonstone  from  the  Ural,  also  that  occurring  in  fine  groups  of  large  crystals  of  deep  color 
in  the  granite  of  Pike's  Peak,  Colorado,  is  microcline.  Ohesisrlite  from  Poorhouse  quarry, 
Chester  Co.,  Penn.,  and  the  aventurine  feldspar  of  Mineral  Hill,  Penn.,  belong  here.  A  pur& 
variety  occurs  at  Magnet  Cove,  Arkansus.     Ordinary  microline  is  common  at  many  points. 

Anorthoclase.  A  tricliiiic  feldspar  with  a  cleavage-angle,  be,  varying  but  little  fronk 
90°.  Form  like  that  of  the  ordinary  feldspars.  Twinning  as  with  orthoclase;  also  poly- 
synthetic  according  to  the  albite  and  pericline  laws;  but  in  many  cases  the  twinning 
liiminse  very  naiTOW  and  hence  not  distinct.  Rhombic  section  (see  p.  875)  inclined  on  b,  4 
to  6*  to  ediie  b/e.  G.  =  2-57-2*60.  Cleavage,  hardness,  luster,  and  color  as  with  other 
members  of  the  group.  Optically  — .  Extinction-angle  on  c,  -f  5*  45'  to  -f-  2°;  on  6,  6**  to 
9**'8.  Bxa  nearly  l  y.  Dispersion  p  >  «;  horizontal  distinct.  Axial  angle  variable  with 
temperature,  becoming  in  part  monoclinic  in  optical  symmetry  between  86*  and  264*  C.^ 
but  again  triclinic  on  cooling;  this  is  true  of  those  containing  little  calcium. 

Chiefly  a  soda-potash  feldspar,  NaAlSisOs  and  KAISisOa,  the  sodium  silicate  usually 
in  larger  proportion  (2  :  1,  8  :  1,  etc.).  as  if  consisting  of  albite  and  orthoclase  molecules. 
Calcium  (CaAlsSiaOe)  is  also  present  in  relatively  very  small  amount. 

These  triclinic  soda-potash  feldspars  are  chiefly  known  from  the  andesitic  lavas  of 
Pantelleria.  Most  of  these  feldspars  come  from  a  rock,  called  pantellerite.  Also  prominent 
from  the  augite  syenite  of  southern  Norway  and  from  the  "Rhomben-porphyr"  near 
Cbristiania.  Here  is  referred  nlso  a  feldspar  in  crystals,  tabular  I  e.  and  twinned  according 
to  the  Manebach  and  less  often  Buveno  laws  occurring  in  the  lithophyses  of  the  rhyolyte  of 
Obsidian  Cliff,  Yellowstone  Park.  It  shows  the  blue  opalescence  in  a  direction  parallel 
with  a  steep  orlbodome  (cf.  p.  371). 

Albite-Anorthlte  Series.    Plagioclase  Feldspars.* 
Between  the  isomorphous  species 

Albite  NaAlSiaO.  Ab 

Anorthite  CaAl,Si,0.  An 

there  are  a  number  of  intermediate  subspecies,  regarded,  as  urged  by  Tseher- 
mak,  as  isomorphous  mixtures  of  these  molecules,  and  defined  according  to  the 
ratio  in  which  Lhey  enter;  their  composition  is  expressed  in  general  by  the 
formula  Ab„An,„.     They  are: 

Oligoclase  Ab.Au,  to  AbaAn^ 

Andesine  AbjAn,  to  Ab.An, 

Labradorite  Ab,An,  to  Ab^Ans 

and  Bytowuite  Ab,Ana  to  Ab,An, 

From  albite  through  the  successive  intermediate  compounds  to  anorthite 
witli  tlie  progressive  cliange  in  composition  (and  specific  gravity),  there  is  also 

*  The  triclinic  feldspars  of  this  series,  in  which  the  two  cleavages  b  and  c  are  oblique  to 
each  other,  are  often  called  in  general  plagioclase  (from  n\dyio<i,  oblique). 
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a  GorrespoDdin^  change  in  crystallographic  form,  and  in  certain  fundamental 
optical  propertieB. 

Crystalline  form.  The  axial  ratios  and  aogl«e  given  on  p.  369  show  that 
these  triclinic  feldspars  approach  orthoclaee  closely  m  form,  the  most  obvious 
difference  being  in  the  cleav-  ^^^  ^3g 

age-angle  be,  wTiich  is  90"  in 
orthocfase,  86°  24'  in  albite, 
and  85°  50'  in  anortfaite. 
There  is  also  a  change  in 
the  axial  angle  y,  which  ie 
88°  in  albite,  about  90°  in 
oligoclnse  and  andesine,  and 
or  in  anorthite.  This 
transition  appears  still  more 
strikingly  in  the  position  of 
the  "rhombic  section,"  by 
which  the  twins  according 
to  the  pericline  law  are 
united  as  explained  below. 

Twinning,  The  plagio- 
clase  feldspars  are  often 
twinned  in  accordance  with  the  Carlsbad,  Baveno,  and  Manebach  lavs 
common  with  orthoclase  (pp.  370,  371).  Twinning  is  also  almost  universal 
according  to  the  albile  law — twinning  plane  the  brachypinacoid ;  this  is  nsu- 
ally  poly  synthetic,  i.e.  repeated  in  the  form  of  thin  laniellffi,  giving  rise  to  fin© 
striations  on  the  basal  cleavage  surface  (Figs.  735,  736).  Twinning  is  also 
common  according  to  the  pericline  law — twinning  axis  the  macrodiagonal 
axis  h;  when  polysynthetic  this  gives  another  series  of  fine  striations  seen  on 
the  brachypinacoid. 

The  composition .pUae  In  thiB  pericline  twinning  is  a  ptnne  passing  through  Ibecrj^tal  in 
Bitch  s  direction  ihiit  its  JDtersectioEia  with  the  prismnlic  (aces  and  the  braclivpltiscold  make 
equal  plane  Hngleswiih  each  other.  The  position  of  tliis  rhombic  section  and  the  consequent 
directioD  of  the  striiitious  on  the  hrachj'pinacoid  chaufre  rapidly  with  a  smull  variation  in 
the  11111,'le  y.  In  genera!  It  tnnj  be  saiii  to  be  iipproxiuiately  parallel  to  the  base,  but  In 
alblle  ills  Inclined  bacliwaril  (+,  Fign.  737  and  739*)  and  In  anorthitt;  to  tlie  front  (-,  Hg. 
738);  for  the  intermediate  species  In  position  varies  progressively  wUli  the  compotiilioQ. 
Thus  for  the  angle  between  llie  trace  of  this  plane  on  tlie  brncliy pinacoid  and  the  edge  b/c, 
we  have  for  Albite  +  22°  to  -f-  20°;  for  Oligoclase  +  S"  to  -f-  3j°:  for  Atidesiae  +  1°  to  — 
2°;  for  Labradorite  -  6°  to  -  10°;  for  Anonliite  -  15°  to  -  17°. 

739. 


Plagtoclase  with  twinning  lamellte.  Fig.  739  section  I  0 
(OUl)  Bhowlii^^  vibration-directions  (cf.  Fig.  789).  ordl- 


Flg.  787,  Rhombic  section  ii 


e  oitcD  lettered  as  follows :  e  (001)  =  P.  b  (0I0> 
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740. 


If  tbe  compositioD-plane  is  at  riglit  angles  to  the  twinning  axis  in  the  pericline  twinning, 
the  polysyuthetic  lumellse  then  show  prominently  in  a  basal  section,  together  with  those  due 
to  tlie  albite  twiuuiug.     Hence  the  grating  structure  characteristic  of  microcline. 

Optical  Characters.  There  is  also  a  progressive  change  in  the  position  of 
the  ether-axes  and  the  optic  axial  plane  in  passing  from  albite  to  anorthite. 

This  is  most  simply  exhibited  by  the  position 
of  the  planes  of  light-vibration,  as  observed  in 
sections  parallel  to  the  tv^o  cleavages,  basal  c 
and  clinopinacoidal  6,  in  other  words  the  ex- 
tinction-angle formed  on  each  face  with  the 
edge  b/c  (cf.  Fig.  739). 

The  approximate  position  of  the  ether-axes 
for  the  different  feldspars  is  shown  in  Fig.  740 
(Schuster).  The  axis  c  does  not  vary  very 
much  from  the  zone  bCy  but  the  axis  a  varies 
widely,  and  hence  the  axial  plane  has  an  en- 
tirely different  position  in  albite  from  what 
it  has  in  anorthite.  Furthermore  albite 
is  optically  positive,  that  is  c  =  Bx,  while 
anorthite  is  negative  or  a  =  Bx;  for  certain 
andesines  the  axial  angle  is  sensibly  90°. 

The  following  table  gives  the  percentage  composition  of  the  various  molec- 
ular compounds  of  albite  and  anorthite,  with  the  calculated  specific  gravity 
(Tschermak),  and  also  certain  of  the  optical  characters  connected  with  them. 
These  latter  values  were  calculated  by  Schuster  from  an  equation  deduced  by 
Mallard,  in  which  certain  observed  values  were  assumed  as  fundamental  :*** 


Ratio  of  Albite 
to  Anorthite 

AbnAUm 

Percentage 

n^^^^„...  „                Extinction-angle 
Composition                   ^.^^  ^^^^  ^^ 

71  :  7n 

G. 

BiO, 

AUO, 

CaO 

Na^O              on  c               on  6 

Albite 

1  :0 

2-624 

68-7 

19-5 

0 

11-8         -f    4^*30'        +19^ 

Oligoclase- 
ttlbite 

i 

12  :  1 
6:  1 

2635 
2-645 

66-6 
64-9 

20-9 
221 

1-6 
3  0 

10-9^        -f    3°  38'        -f  15^35' 
lO-Oj"  to+    2°  45'  to  -f  11^  59^ 

Oligoclase 

1 

4  :  1 
2  :  1 

2-652 
2-671 

63-3 
59-9 

23  1 
25-4 

42 
7-0 

9-4  1  +  r  55'  -f  S*'  17' 
7-7  f  to  -    0°  35'  to  -    2°  15' 

Andesine 

i 

3:  2 
1  :  1 

2-680 
2-694 

58-1 
55-6 

26-6 
28-3 

8-4 
10-4 

6-9  )  2''  12'  -  7"  58' 
5-7    to-    5**  10'  to  -  16' 

Ljibrad()rit( 

3  :4 
1  :3 

2-703 

2-728 

53-7 
49-3 

29-6 
32-6 

118 
153 

4-9  1  -  r  53'  -  20'  52' 
2-8  J  to  -  17M0'  to-  29' 28' 

By  tow  111  te 

i 

1  :  4 

1  :8 

2-735 
2-747 

48-0 
45-9 

33-4 
34-9 

16-3 

18-0 

2-3  )  -  2r  5'  -  31°  10' 
1  -2  Uo  -  28'    4'  to  -  33'  40' 

Auorlhite 

0  :  1 

2-758 

43-2 

367 

201 

0          -  37'              -  30' 

Diflf. — III  ro'k  sections  the  plajjioclase  feldspars  are  distinguished  by  their  lack  of  color, 
low  lefniciive  relief,  and  low  interference-colors,  which  in  good  sections  are  mainly  dark 
gray  and  s(  nrcely  rise  into  wliite  of  the  first  order;  also  by  their  biaxial  character  in  con- 
verginc^  light.  In  the  majority  of  cases  they  are  easily  told  by  the  parallel  bands  or  line 
lamclltT  which  ])}iss  througlj  them  due  to  the  multiple  twinning  according  to  the  albite 
law;  one  set  of  bands  or  twin  lamellae  exhibits  in  general  a  different  interference-color 
from  the  other  (cf.  Figs.  735,  736).     TIjey  are  thus  distinguished  not  only  from  quartz  and 


*See  Tschermak.  Ber.  Ak.  Wien,  50  (1).  566.1865:  Schuster.  Min.  Mitth..  3,  117.  1881. 
6,  189,  1882;  Mallard.  Bull.  Soc.  Min..  4.  96,  1881.  Also  Micliel-Levy  and  other  authors 
referred  to  on  p.  212;  furtlier,  G.  F.  Becker,  Am.  J.  Sc,  6,  p.  849,  May  1898. 
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ortlioclaac,  whli  wbicli  Ifaey  are  ofren  aasoclnled,  but  from  all  the  common  rock-maktiig 
minerals.  To  disllnf^uiBh  Ihn  dUFereat  species  and  sub-pnecles  from  one  nnollier,  ha  albiie 
frum  labradorile  or  antlesiue,  is  more  difficult.  In  secLlOQS  bnving  a  delJDite  oHentatfon 
(J  e  {001)  nmi  |  J  (OlO))  Ibis  can  generally  be  done  by  determlniug  tbe  enllncllon  angles  (cf. 
p.  87.1  and  Fig.  TS9>.  In  general  in  rock  secliona  special  melbodB  arc  required;  these  are 
discussed  by  the  autboi-s  referred  to  in  the  note  on  p.  376. 


ALBTTB. 

Triclinic.     Axes  H  ■.h:i  =  06335  :  1  :  0-5577; 


a  =  U°  y,  /3  =  116°  29', 


\3siy 


be.     010  A  001  =  86*24'. 
mU.  110  A  liO  =  69°  H: 
bm.    110  A  010  =  60*26'. 
em.    001  A  H*  =  W°  IT. 
<sM,  001  A  liO  =  8B°  10". 
«r.     001  A  iOl  =  82'  16'. 
Twins    as    with   orthoclaae; 
also  very  common,  the  tw.  pi. 
i>,  albite  lata  {p.  375),  usually 
contact-twins,     and     poly  syn- 
thetic,  consisting  of  thin   la- 
mellie  and  with  conseqnent  fine 
atriations  on  c;  tw.  axis  h,  pertcline  lain,  contact-twins  wbose  composition-face 
is  the  rhomiic  section  (Figs.  737  and  745);  often  polysynthetic  and  showing 
fine  strifttionB  which  on  i  are  inclined  backward  -f  22    to  the  edge  b/c. 

Crystals  often  tabuliir  ||  b;  also  elongated  ||  axis  h,  as  in  the  variety  peri- 
dine.  Also  massive,  either  lamellar  or  granular;  the  laminfe  often  curved, 
sometimes  divergent;  granular  varieties  occasionally  quite  fine  to  impalpable. 
Cleavage:  c  perfect;  b  somewhat  less  so;  m  imperfect.  Fracture  uneven 
to  conchoidal.  Brittle.  II.  =  6-6-5.  G.  =  2'62-2-6S,  Luster  vitreous;  on 
a  cleavage  surface  often  pearly.  Color  white;  also  occasionally  bluish,  gray, 
reddish,  greenish,  and  green;  sometimes  having  a  bluish  opalescence  or  play 
of  colors  on  c.     Streak  uncolored.    Transparent  to  subtranslucent. 

Optically-}-.    Plane  (S)  ±  to Bi., inclined  100°  tol02°tocon  acuteedgoft/c- 
744.  746.  Extinction -angle   with  edge 

b/c  =  -I-  4°  30*^  to  2°  on  c,  and 
=  -}-20°  to  15°  on  ft  (Fig. 
737).  Dispersion  for  Bxi, 
p  <  v;  also  inclined,  hori- 
zontal; for  Bxo,  p  >  v,  in- 
clined, crossed,  Dx.  2H^,  = 
Peilcliiie.  80°   to  84°    Dx.      Birefrin- 

gence weak,  Y  —  «  =  O'OOS. 

Comp. — A  silicate  of  aluminium  and  sodium,  NaAJSi.O,  or  Na,O.Al,0,. 
6SiO,  =  Silica  687,  alumina  10  5,  soda  llS  =  100.  Calcium  is  usually  pres- 
ent in  small  amount,  aa  anorthite  (CaAl,Si,0,),  and  as  this  increases  it  gradu- 
ates through  oligoclase-albite  to  oligoclase  (cf.  p.  376).  Potassium  may  also 
be  present,  and  it  is  then  connected  with  anorthoclase  and  microcline. 

Var. — Ordinary.  In  crystals  nnd  mnssEve.  Tbe  crystals  often  tabular  y  b.  Tbe  massive 
forms  are  usually  nearly  pure  while,  and  often  show  wavy  or  curved  lamins.  Peritteritt 
is  a  wbilisb  adiilaria-llke  alblte,  si fgb I ]y  iridescent,  named  from  VffiKrrtfid,  pigeon.  Awn- 
turint  anit  moonttone  varieties  also  occur.    Pcrielim  from  the  chlorillc  schists  of  the  Alps 
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is  ill  ratber  Inrge  opaque  white  crystals*  with  characteristic  elongation  in  the  direction  of 
the  h  axis  as  shown  iu  Figs.  744  and  745,  and  commonly  twinned  with  this  as  the  twinning^ 
axis  (periciine  law). 

Pyr..  etc.— B.B.  fuses  at  4  to  a  colorless  or  white  glass,  imparting  an  intense  yellow  to 
the  flame.     Not  acted  upon  by  acids. 

Diff.— Resembles  barite  in  some  forms,  but  is  harder  and  of  lower  specific  gravity;  does- 
not  effervesce  with  acid  (like  calcite).  Distinguished  optically  and  by  the  common  twin- 
ning striations  on  c  from  orthoclase;  from  the  other  triclinic  feldspait*  partially  by  speciHc 
gravity  and  better  by  optical  means  (see  p.  376). 

Obs. — Albite  is  a  constituent  of  many  igneous  rocks,  especially  those  of  alkaline  type, 
as  granite,  elseolite-syenite,  diorite,  etc.;  also  in  the  corresponding  feldspaihic  lavas  la 
pertJiiie  (p.  373)  it  is  interlaminated  with  orthoclase  or  microcliue,  and  similar  aggrega- 
tions, often  on  a  microscopic  scale,  are  common  in  many  rocks.  Albite  is  common  also- 
in  gneiss,  and  sometimes  in  the  crystalline  schists.  Veins  of  albitic  granite  are  often 
repositories  of  the  rarer  minerals  and  of  fine  crystallizations  of  gems,  iocluding  beryl, 
tourmaline,  allanite,  columbite,  etc.  It  is  found  in  disseminated  crystals  in  granular 
limestone. 

Some  of  the  most  prominent  European  localities  are  in  cavities  and  veins  in  the  granite 
or  granitoid  rocks  of  the  Swiss  and  Austrian  Alps,  associated  with  adularia,  smoky  quartz, 
chlorite,  titanite.  apatite,  and  many  rarer  species:  it  is  often  implanted  in  parallel  position 
upon  the  orthoclase.  Thus  in  the  St.  Gothard  region;  Roc  Tour ne  near  Modane.  Savoy; 
onMt.  Skopi  (periciine)',  Tavetschthal:  Schmirn,  Tyrol;  also  Pfitsch,  Rauris.  theZillerthal, 
Kriml,  Schueeberg  in  Passeir  in  simple  crystals.  Also  in  Dauphine  in  similar  association; 
Elba.  Also  Hirschberg  in  Silesia;  renig  in  Saxony:  with  topaz  at  Mursinka  in  the  Ural 
and  near  Miask  in  the  Ilmen  Mts.;  Cornwall,  England;  Mourne  Mts.  in  Ireland. 

In  the  United  States,  in  Maine,  at  Paris,  with  red  and  blue  tourmalines.  In  Mom  ,  at 
Chesterfield,  in  lamellar  masses  {cleaf>elandite\  slightly  bluish,  also  fine  granular.  In  New 
Hamp.,  at  Acworth  and  Alstend.  In  Conn.,  at  Haddam;  at  the  Miadletown  feldspar 
quarry;  at  Branchville,  in  fine  crystals  and  massive.  In  N.  York,  at  Moriah,  Essex  Co.,  of 
a  greenish  color.  In  Penn.,  at  tlnionville,  Chester  Co.  In  Virginia,  at  the  mica  minea 
near  Amelia  Court-House  in  splendid  crystallizations.  In  Colorado,  in  the  Pike's  Peak 
region  with  smoky  quartz  and  amazon -stone. 

The  name  albite  is  derived  from  albus,  white,  in  allusion  to  its  common  color. 

Oligoclase. 

Triclinic.  Axes,  see  p.  369  be,  010  A  001  =  86°  32'  Twins  observed 
according  to  the  Carlsbad,  albite,  and  periciine  laws.  Crystals  not  common. 
Usually  massive,  cleavable  to  compact. 

Cleavage:  c  perfect;  b  somewhat  less  so.  Fracture  conchoidal  to  uneven. 
Brittle.  II.  =  6-6'5.  G.  =  2 •65-2*67.  Luster  vitreous  to  somewhat  pearly  or 
waxy.  Color  usually  whitish,  with  a  faint  tinge  of  grayish  green,  grayish 
white,  reddish  white,  greenish,  reddish;  sometimes  aventurine.  Transjmrent, 
subtranslucent.     Optical  characters,  see  p.  376. 

Comp.,  Var. — Intermediate  between  albite  and  anorthite  and  corresponding 
to  Ab,An,  to  iVb^An,,  but  chiefly  to  Ab,An,,  p.  376. 

Var.— 1.  Ordiniry.  In  crystals  or  more  commonly  massive,  cleavable.  The  varieties 
containing  soda  up  to  10  p.  c.  are  called  oUgoclnse-allite.  2.  Aventurine  oligoclase,  or  sun- 
stone,  is  of  a  grayisli-white  to  reddish-pray  color,  usually  the  latter,  with  internal  yellowish 
or  reddish  fire-like  reflections  proceeding  from  disseminated  crystals  of  probably  either 
hemutite  or  golhite. 

Pyr.,  etc.— B  B.  fuses  at  3  5  to  a  clear  or  enamel-like  glass.  Not  nialerially  acted  upoQ 
by  acids. 

Diff.— See  orthoclase  (p.  872)  and  albite  (p.  377):  also  pp.  870,  376. 

Obs.— Occurs  in  porphyry,  granite,  syenite,  and  also  in  different  effusive  rocks,  as 
andesite  It  is  sometimes  associated  with  orthoclase  in  granite,  or  other  granite-like  rock. 
Among  its  localities  are  Danviks-Zoll  near  Stockholm;  Pargas  in  Finland;  Shnitansk, 
Ural;  in  syenite  of  the  Vosges;  at  Albula  in  the  Orisons;  Marienbad,  Bohemia;  Chalanches 
in  Allernont,  nnd  Bourg  d'Oisaus,  Dauphine;  as  sunstone  at  Tvedestrand,  Norway;  at 
HitterO;  Lake  Baikal. 
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In  the  Uulted  States,  at  Fine  and  Macomb,  St.  Lawrence  Co.,  N.  Y.,  In  good  crystals; 
at  Danbury,  Ct.,  with  orthoclase  and  danburite;  Uaddam,  Ct.;  at  the  emery  mine.  Ches^ 
ter,  Mass.,  grafiular;  at  Union ville.  Pa.,  with  euphyilite  and  corundum;  Mineral  HilU 
Delaware  Co.;  at  Bnkersville,  N.  C,  in  clear  ^glassy  masses,  showing  cleavage  but  no- 
twinning:    Named  in  1826  by  Breithaupt  from  oAtyoS,  little,  and  KXaaii,  fracture, 

Andesine. 

Triclinic.  Axes,  see  p.  369.  Jc,  010  A  001  =  86''  14'.  Twins  as  witn 
albite.     Crystals  rare.     Usually  massive  cleavable  or  granular. 

Cleavage:   c  perfect;  b  less  so;  also  M  sometimes  observed.      H.  =  5-6. 
G.  =  2'68-2*69.     Color  white,  gray,  greenish,  yellowish,   flesh-red.      Luster 
subvitreous  to  pearly.     Optical  characters,  see  p.  376. 

Comp. — Intermediate  oetween  albite  and  auorthite,  corresponding  to  Ab: 
An  in  the  ratio  of  3 : 2,  4 :  3  to  1 : 1,  see  p.  376. 

IPyr.,  etc. — Fuses  in  thin  splinters  before  the  blowpipe.      Imperfectly  soluble  in  acids. 

Obs. — Observed  in  many  granular  aud  volcanic  rocks;  thus  o<:cur8  in  the  Andes,  at 
Marmaio.  as  an  ingredient  of  the  rock  called  andesite;  in  the  porphyry  of  I'E.sterel.  Dept. 
du  Var,  Fmnce;  in  the  syenite  of  Alsace  in  the  Vosges;  at  Vapnefiord,  Iceland;  Boden- 
mais,  Bavaria.  Sanford,  Me  ,  with  vesuvianite.  Common  in  the  igneous  rocks  of  the- 
Rocky  Mis. 

Labradorite.     Labrador  Feldspar. 

Triclinic.  Form  near  that  of  andesine,  but  not  accurately  known  (p.  369). 
Cleavage  angle  he  =  86°  4'.  Forms  and  twinning  similar  to  the  other  plagio- 
clase  species.  Crystals  often  very  thin  tabular  ||  b,  and  rhombic  in  outline 
bounded  by  cy  or  ex  (Fig.  425,  p.  131).  Also  massive,  cleavable  orgranular;^ 
sometimes  cryptocrystalline  or  hornstone-Hke. 

Cleavage:  e  perfect;  b  less  so;  M  (110)  sometimes  distinct.  H.  =  5-6. 
G.  =  2*70-2*72.  Luster  on  e  pearly,  passing  into  vitreous;  elsewhere  vitreous 
or  subresinous.  Color  gray,  brown,  or  greenish  ;  sometimes  colorless  and 
glassy;  rarely  porcelain-white;  usually  a  beautiful  change  of  colors  in  cleav- 
able varieties,  especially  ||  b.  Streak  uncolored.  Translucent  to  subtrans- 
lucent.     Optical  characters,  see  p.  376. 

Play  of  colors  a  common  character,  but  sometimes  wanting  as  in  some  colorless  crys- 
tals. Blue  and  green  are  the  predominant  colors;  but  yellow,  ttre-red,  and  pearl-gray  also- 
occur.  Vogelsang  regards  the  common  blue  color  of  labradorite  as  an  interference- 
phenomenon  due  to  its  lamellar  structure,  while  the  golden  or  reddish  schiller,  with  the 
other  colors,  is  due  to  the  presence  of  black  acicular  microliles  and  yellowish-red  micro- 
scopic InmellflB,  or  to  the  combined  effect  of  these  with  the  blue  reflections.  Schrauf  has 
examined  the  inclusions,  their  position,  etc..  and  given  the  n&mes  micraplakite  aud  miero^ 
phyllite  to  two  groups  of  them.     (See  references  on  p.  142.) 

Comp.,  Tar. — Intermediate  between  albite  and  anorthite  and  corresponding 
chiefly  to  Ab  :  An  in  a  ratio  of  from  1  :  1  to  1  :  3,  p.  376. 

The  feldspars  which  lie  between  labradorite  proper  ami  anorthite  have  been  embraced 
by  Tschermak  under  the  name  hytownite.  The  original  bytownite  of  Thomson  was  a 
greenish-white  feldspathic  mineral  found  in  a  boulder  near  Bytown  (now  Ottawa)  in 
Ontario,  Canada. 

Pyr..  etc.— B.B.  fuses  at  3  to  a  colorless  glass.  Decomposed  with  difBculty  by  hydro- 
chloric acid,  generally  leaving  a  portion  of  undecomposed  mineral. 

DiflF. — The  beautiful  play  of  colors  is  a  common  but  not  universal  character.  Other- 
wise distintruished  as  are  the  other  feldspars  (pp.  370,  876). 

Obs. — Labradorite  is  an  essential  constituent  of  various  igneous  rocks,  especially  of  the 
basic  kinds,  and  iisually  associated  with  some  member  of  the  pyroxene  or  amphibole  groups. 
Thus  with  hypersthene  in  norite,  with  diallage  in  gabbro.  with  some  form  of  pyroxene  in 
diabase,  basalt,  dolerite,  also  andesite.  tephrite,  etc.     Labradorite  also  occurs  in  other 
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kiuds  of  Invn,  and  is  somotimes  found  io  them  in  glassy  crystals,  as  in  those  of  Etna, 
Vesuvius,  the  Saudwich  iHlauds  at  Kilauea. 

The  lubnulorilic  massive  rocks  nre  most  common  among  the  formations  of  the  Archsean 
era.  Such  are  part  of  those  of  British  America,  northern  New  York.  Pennsylvania. 
Arkansas;  tiiose  of  Greenland,  Norway,  Finland,  Sweden,  and  probably  of  the  Vosges. 

Ou  tne  coast  of  Labrador,  labradorite  is  associated  with  hornbleucle,  hypersthene,  and 
magnetite.  It  is  met  with  in  many  places  in  Quebec.  Occurs  abundantly  through  the  cen- 
tral Adirondack  region  in  northern  New  York;  in  the  Wichita  Mts.,  Arkansas. 

Labradorite  was  first  brought  from  the  Isle  of  Paul,  on  the  coast  of  Labrador,  by  Mr. 
Wolfe,  a  Moravian  missionary,  about  the  year  1770. 

Maskbltnitb.    In  colorless  isotropic  grainB  in  meteorites;  composition  near  labradorite. 


ANORTHITII.     Indlanite. 

Triclinic.    Axes  d:l:6  =  0-6347  :  1  :  0-5501;  a  =  93°  13',  /3  =  115°  551', 
y  =  91°  12'. 


be,  010  A  001  =  85"  50'. 
mM,  110  A  110  =  69""  29'. 
6m,    010  A  110  =  58"    4'. 

746.  747. 


em,  001  A  HO  =  65"  58'. 
cJf,  001  A  110  =  69"  20*. 
ey,     001  A  201  =  81"  14'. 

748. 


Twins  as  with  albite  (p.  375  and  p.  377).  CiTstals  usually  prismatic  ||  6 
(746,  also  Fig.  338,  p.  108),  less  often  elongated  ||  /!,  like  pericline  (Fig.  747). 
Also  massive,  cleavable,  with  granular  or  coarse  lamellar  structure. 

Cleavage:  c  perfect;  b  somewhat  less  so.  Fracture  conchoidal  to  uneven. 
Brittle.  H.  =  6-6-5.  G.  =  2'74-2-76.  Color  white,  grayish,  reddish.  Streak 
uncolored.     Transparent  to  translucent. 

Optically  — .  Ax.  pi.  nearly  _L  e  (021),  and  its  trace  inclined  60°  to  the 
edge  c/e  from  left  above  behind  to  right  in  front  below.  Extinction-angles  on 
€,  -  34°  to  -  42°  with  edge  b/c;  on  b,  —  35°  to  -  43°  (Fig.  739,  p.  375).  Dis- 
persion p  <  V,  also  inclined.  2Ha.r  =  84°  50'.  Birefringence  stronger  than 
with  albite,  y  —  a  —  0*013. 

Comp. — A  silicate  of  aluminium  and  calcium,  CaAl,Si,0,  or  CaO.  Al,0,.2SiO, 
=  Silica  43-2,  alumina  36  7,  lime  20*1  =  100.  Soda  (as  NaAlSi,OJ  is  usually 
present  in  small  amount,  and  as  it  increases  there  is  a  gradual  transition  through 
bvtownite  to  labradorite. 

V^r.—Anorthite  was  described  from  the  glnssy  crystals  of  Somma;  and  cJirisiianite  and 
biotine  are  the  same  miueral.  Thionauite  is  the  same  from  Iceland.  Indianite  is  a  white, 
grayish,  or  reddish  granular  anorlhite  from  India,  where  it  occurs  as  the  gaugue  of  corun- 
<lum,  first  described  in  1802  by  Count  Bournon.  Cyclopite  occurs  in  small,  transparent,  and 
glassy  crystals,  tnbular  \  b,  coaling  cavities  in  the  dolerite  of  the  Cyclopean  Islands  and 
near  Trezza  on  Etna.     AmphodeliU,  lepolite,  latrobite  also  belong  to  anorlhite. 

Pyr.,  etc.— B.B.  fuses  at  5  to  a  colorless  glass.  Anorlhite  from  Mte.  Somma,  and 
Indian ite  from  the  Carnal ic,  are  decomposed  by  hydrochloric  acid,  with  separation  of 
gelatinous  silica. 
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Ob*. — OccuTt  Id  some  dlorltee;  occuiDtmll;  Id  conncctfoD  with  gabbTO  and  (erpeutin* 
TOcka;  Id  aome  casca  along  with  corundumi  Id  many  Tolctuilc  roclis,  tuidesltes,  basalia.  elc; 
M  a  conUitueat  of  some  meteorites  (Juveoas,  StannerD). 

ADorlhite  (eAriMlianiU  aud  bioline)  occurs  at  Mount  Vesurius  iu  isolated  blocks  among 
the  old  laTas  Id  the  ravines  of  MuDte  Somma;  In  the  Albani  Mts. ;  on  the  Pesniedii  Atp, 
Honzonl,  Tyrol,  as  a  coutact  miuenti:  Aranyer  Berg,  Tntuuylvauiii,  in  andcsite;  on  Ice- 
land: near  Bofroalovsk  in  the  Ural.  In  the  Cyclopean  Islands  {eyelopiU).  In  the  lava  of 
the  islautl  of  Mlyake,  Japan. 

Anorthite  wiis  named  in  1833  by  Rose  from  avopbd'i,  oMiqut,  the  crystallliation  being 
triclinic. 

Oalalan.  BaAliBiiOt,  slmlluT  to  anorthite.  but  containing  barium  Inalead  of  calcium. 
Huslve.with  tbeu8aalc1eaTBgeae(001)  andA(010},eA  =  8S°36'.  H.  =  e-6'5.  G.  =  8  87. 
Colorless.     Extinction:  on  e,  3^  Kf;  on  b,  26°  45'.     From  Jakobsberg,  Sweden. 


n.  BSetaBiUcates.    RSiO,. 


Salts  of  Metaeilicic  Acid,  H,8iO,;  characterized  by  an  oxygen  ratio  of  3  : 1 
for  silicon  to  bases.  The  DiviBion  closes  with  a  number  of  species,  in  part  of 
somewhat  doubtful  oomposltioo,  farmiug  a  transition  to  the  Orthosilicates. 

The  metaailicates  include  two  prominent  and  well-characterized  groups, 
Tiz.,  the  Pyroxene  Qroup  and  the  Amphtbole  Group.  There  are  also  others 
leas  importaut. 


Leuctte  Group.     Isometric. 


Id  several  respects  leuclte  la  allied  to  the  species  of  the  Feldspar  Qhoup,  which  imm«- 
dlaiely  precede. 

Lenoite  EAt(SiO,),  Isometric  at  500°     ' 

Psendo-isonietric  at  ordinary  temperatures. 
Polluoite  H,CB,Al,(SiO,),  Isometric 

IiSDUlTB.    AmphlgStie. 

Isometric  at  500°  C;  peeudo-ieometric  under  ordinary  conditions  (see  p. 
230).  Commonly  in  cryetala  varying  in  angle  but  little  from  the  tetragonal 
trisoctahedron  n  (211),  sometimes  with  a  (100),  and  d  749. 

(110)  aa  subordinate  forma.  Faces  often  showing 
fine  striationa  due  to  twinning  (Fig  'i'49).  Also  in 
disseminated  graina;  rarely  maasive  granular. 

Cleavage:  d  (110)  very  imperfect.  Fracture  con- 
cboidal.  Brittle.  H.  ^  5-5-6.  G.- '2-45-2-50.  Luster 
vitreoua.  Color  white,  ash-gray  or  smoke-gray.  Streak 
uncolored.  Translucent  to  opaque.  Usually  ahows 
very  feeble  double  refraction:  oj  =  1508,  e  =  1-509 
(p.  230). 

Comp.— KAl(SiO,),  or  K.O.Al.O.-lSiO,  =  Silica 
550,  alumina  23  5,  potaah  21-5  =  100. 

mil  qiiantiliea.  unless  ns  introduced  by  alteration    traces  of 
cffiiiiim,  have  been  delected. 


.B.B.  Infusible;  with  cnbalt  solution  ^ives  a  bhie  color  (aluminium)     Decern- 
y  hvdrochlone  acid  without  gelfillnizatlon, 
DIS. — Cbaracierjzed  by  Its  (mpezohedral   form,  absence  o(  color,  and  iDfiiiibtlity      It 


posed  by  hvdrochlone  acid  without  gelfillnizatlon, 

Dlfl. — Cbaracierized  by  its  impezohedral   forn  .  ,  _. 

is  softer  than  garnet  and  harder  than  auulclie;  the  laiter  yields  water  and  fuses 
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Recognized  io  thin  sections  bv  its  extremely  low  refraction,  isotropic  character,  and  the 
4^ymmetrical  arrangement  of  inclusious  (Fig.  760;  also  Fig.  471,  p.  Ul).    Larger  crystals 

750. 

Xeucite  crystals  from  tlie  leucitite  of  the  Bearpaw  Mts.,  Montana  (Pirssou).    These  show 
the  progressive  growth  from  skeleton  forms  to  complete  crystals  with  glass  inclusions. 

•are  common ly  not  wholly  isotropic  and,  further,  show  complicated  systems  of  twinning- 
lines  (Fig.  749):  the  birefringence  is,  however,  very  low,  and  the  colors  scarcely  rise  above 
-daric  gray;  they  are  best  seeu  by  introduction  of  the  quartz  or  selenite  plate  yielding  red  of 
the  first  order.  The  smaller  leudtes,  which  lack  this  twinning  or  the  inclusions,  are  only 
to  be  distinguished  from  sodalite  or  analcite  by  chemical  tests. 

Obs. — L^ucite  occurs  only  in  igneous  rocks,  and  especially  in  recent  lavas,  as  one  of  the 
products  of  crystallization  of  magmas  rich  in  potash  and  low  in  silica  (for  which  reason  this 
spedes  rather  than  orthoclase  is  formed).  The  larger  embedded  ciystaU  are  commonly 
anisotropic  and  show  twinning  lamellfls;  Uie  smaller  ones,  forming  the  grouudmass,  are  iso- 
tropic and  without  twinuinff.  Found  in  leucitites  and  leuclte- basalts,  Jeucilophvres,  leucite- 
phonolites  and  leucite-tephrites;  also  in  certain  rocks  occurring  fu  dikes.  Very  rare  in 
intraded  igneous  rocks,  only  one  or  two.  instances  being  known;  but  its  former  presence 
under  such  conditions  is  indicated  by  pseudomorphs,  often  of  large  size  {pgeudoUueite) 
conristiug  of  nepbelite  and  orthoclase.  also  of  analcite. 

The  prominent  localities  are,  first  of  all,  Vesuvius  and  Mte.  Somma,  where  it  is  thickly 
disseminated  through  the  lava  in  grains,  and  in  larec  perfect  crystals;  also  in  ejected 
masses;  also  near  Rome,  at  Capo  di  Bove,  Rocca  Monfina,  etc.  Further  in  leucitc-tcphrita 
mt  Proceno  near  Lake  Bolsena  in  central  Italy;  also  about  the  Laacher  See  and  at  several 
points  in  the  Eifel;  at  Rieden  near  Andemach;  at  Meiches  in  the  Vogelsffebirge;  in  the 
Kaiserstuhlffebirge.  Occurs  in  Brazil,  at  Pinhalzinho.  From  the  Cerro  de  las  Virgines, 
Lower  Calin>rnia.  In  the  United  States  it  is  present  in  a  rock  in  the  Green  River  BfMin  at 
the  Leucite  Hills,  Wyoming;  also  in  the  Absaroka  range,  In  northwestern  Wyoming:  in 
the  Highwood  and  Bearpaw  Mts.,  Montana  (in  part  pseudoleucite).  On  the  shores  of  Van- 
couver Island,  where  magnificent  groups  of  crystals  have  been  found  as  drift  boulders. 

Pseudoleucite  (see  above)  occurs  in  the  phonoUte  (tiu^uaite)  of  the  Serra  de  Tingua,  Brazil ; 
at  Magnet  Cove,  Arkansas;  near  Hamburg,  N.  J.;  Montana;  also  in  the  Cariboo  Distr., 
British  Columbia. 

Named  from  XevKdi,  white,  in  allusion  to  its  color. 

FoUucite.  Essentially  Hs0.2Cs90.2Ala03.9Si09.  Isometric;  often  in  cubes;  also  mas- 
sive. H.  =  6*5.  G.  =  2*901.  Colorless.  Occurs  very  sparing!}'  in  the  island  of  Elba; 
with  petalitc  (castorite);  also  at  Hebron  and  Rumford,  Me. 


Pyroxene  Group. 

Orthorhombic,  Monoclinic,  Triclinic. 
Composition  for  the  most  part  that  of  a  metasilicate,  RSiO,,  with  R  = 

Ca,Mg,Fe  chiefly,  also  Mn,Zn.     Further  RSiO,  with  R(Fe,Al),SiO.,  less  often 

I 

containing  alkalies  (Na,K),  and  then  RSiO,  with  RAl(SiO,),.     Barely  includ- 
ing zirconium  and  titanium,  also  fluorine. 

a.  Orthorhotnhic  Section. 

tt  '  h  '  c  or  0  *  (i  *  V 

Enstatite  MgSiO.  09702  •  1  •  0-5710       1'0307  :  1  •  0-5885 

Bronzite  (Mg,Fe)SiO, 

Hypersthene  {Fe,Mg)SiO,  0-9713  :  1  :  0-5704       10319  :  1  :  0-5872 

The  second  set  of  axial  ratios,  with  d  =  1,  brings  out  the  similarity  of  the  form  to  the 
monoclinic  species. 
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p.  Manaciinie  Section. 

a  1%  I  6  6 

pyroxene  1.0921  :  1  •  0-5893  74^  10' 

L  Non-aluminous  Varieties: 

Malacolite,  Salite^  Diallage^  etc. 

2.  Hedenberoite  CaFe(SiO.), 

Manganhedenbergite  Ca(Fe,Mii)(SiO.), 

3.  ScHEFFERiTE  (Ca,Mg)(Fe,Mn)(SiO,), 

Jeffersonite  (Ca,Mg)(Fe,Mn,Zn)(SiO,), 

II.  Aluminous  Varieties: 

\  with  (Mg,Fe)(Al,Fe),SiO, 
Leucaagite,  Fassaite,  Augite,  ^girite-aiigite. 

Aomite  (^girite)  NaFe(SiO.),  1'0996  :  1  :  0*6012  73°  IT 

Spodnmene  LiAl(SiO,),  1-1238  :  1  :  06355  69°  40' 

Jadeite  NaAl(SiOj,  1-103    :  1  :  0613    72°  44^' 

a  :^  :  i  6 

Wollastonite  CaSiOi  1-0531  :  1  ':  09676  84°  30' 

Pectolite  HNaCa,(SiO,),  11 140  :  1  :  0-9864  84°  40' 

y,  Tridinic  Section. 

a  \T>  \  i  a  '  ft  Y 

Ehodonite    MnSiO.  10729:1:0-6213   103°  18'     108°  44'  8r39' 

also  (Mn,Ca)SiOi 
(Mn,Fe)SiO. 
(Mn,Zn,Fe,Ca)SiO, 
3abingtonite  10691  :  1  :  0-6308   104°  21^'   108°  31'  83°  34' 

(Ca,Fe,Mn)SiO..Fe,(SiO,), 

The  rare  species  Rosen buscbite,  L&venite,  WOhlerite  also  belong  under  the  monocliiiic 
section  and  Hiortdahlite  under  the  iriclinic  section  of  this  group. 

The  Pyroxene  Group  embraces  a  number  of  species  which,  while  falling 
in  different  systems — orthorhorabic,  monoclinic,  and  triclinic — are  yet  closely 
related  in  form.  Thus  all  have  a  fundamental  prism  with  an  angle  of  93°  ancl 
87°,  parallel  to  which  there  is  more  or  less  distinct  cleavage.  Further,  the 
angles  in  other  prominent  zones  show  a  considerable  degree  of  similarity.  In 
composition  the  metasilicates  of  calcium,  magnesium,  and  ferrous  iron  are  most 

U  ni  I 

prominent,  while  compounds  of  the  form  R(Al,Fe),SiO„  RAl(SiOi),  are  also 
important. 

The  species  of  the  pyroxene  group  are  closely  related  in  composition  to  the 
corresponding  species  of  the  amphibole  group,  which  also  embraces  members 
in  the  orthorhombic,  monoclinic,  and  triclinic  systems.  In  a  number  of  cases 
the  same  chemical  compound  appears  in  each  group;  furthermore,  a  change 
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by  paramorphism  of  pyroxene  to  amphibole  is  often  observed.  In  form  also 
the  two  groups  are  related,  as  shown  in  the  axial  ratio;  also  in  the  parallel 
growth  of  crystals  of  monoclinic  amphibole  upon  or  about  those  of  pyroxene 
(Fig.  430,  p.  131).     The  axial  ratios  for  the  typical  monoclinic  species  are: 

Pyroxene  a:h\6    =  1-0921  :  1  :  0-5893  /?  =  74°  10' 

Amphibole  a:\l:i=  1-1022  :  1  :  0  5875  /?  =  73°  58' 

See  further  on  p.  398. 

The  optical  relations  of  the  prominent  members  of  the  Pyroxene  Group^ 
especially  as  regards  the  connection  between  the  position  of  the  ether-axes  and 
the  crystallographic  axes  are  exemplified  in  the  following  figures  (Cross). 

761. 
L  IL  m.  IV.  V.  VI. 


I,  Enstatlte,  etc.    II,  Spodumene.    III.  Diopslde,  etc.     IV,  Hedenbergite,  Auglte. 

V,  Augite.     VI,  uEgirile. 

A  corresponding  exhibition  of  the  prominent  amphiboles  is  given  under  that 
group.  Fig.  785,  p.  398. 


XINSTATITXI. 

Orthorhombic. 
762. 

It 


or.  Orthorhombic  Section, 


Axes  a  :  S  :  (J  =  09702  :  1  :  0-5710. 


m 


mm 


K' 


lit 


110  A  1 10  =  88**  16'. 
023  A  023  =  41"  41'. 


rr 


223  A  223  =  40'  16}. 
rr'",  223  A  223  =  39"    IJ. 


Twins  rare:    tw.  pi.  It  (014)  as  twinning  lamellae; 
also  tw.  pi.  (101)  as  stellate  twins  crossing  at  angles  of 
^    nearly  60°,  sometimes  six-rayed.     Distinct  crystals  rare, 
habit  prismatic.     Usually  massive,  fibrous,  or  lamellar. 

Cleavage:  m  rather  easy.    Parting!^;  also  a.    Frac- 
ture uneven.    Brittle.    II.  —  5  5.    G.  =  3*l-3*3.    Luster* 
Bamlc.  a  little  pearly  on  cleavage-surfaces  to  vitreous;    often 

metalloidal  in  the  bronzite  variety.  Color  grayish,  yellowish  or  greenish  white, 
to  olive-green  and  brown.  Streak  uncolored,  grayish.  Translucent  to  nearly 
opaque.  Pleochroism  weak,  more  marked  in  varieties  relatively  rich  in  iron. 
Optically  +.  Ax. -pi.  ||  h,  Bx  J_c.  Dispersion  p  <v  weak.  Ax'ial  angle  large 
and  variable,  increasing  with  the  amount  of  iron,  usually  about  90°  for  FeO 
=  10  p.  c.     /^y  =  1-669;  X  -  ^  =  0009. 

Comp.,  Tar.— M^SiO,  or  MgO.SiO,  =  Silica  60,  magnesia  40  =  100.     Also 
(Mg,Fe)SiO,  with  Mg  :  Fe  =  8  :  1,  6  :  1,  3  :  1,  etc. 

Var.— 1.  With  little  ar  no  iron;  Enstatite.    Color  white,  jrellowish,  erayish,  or  greeDisb 
-white;  luster  vitreous  to  pearly;   G.  =  3  10-313.     Chladntte  (Shepardite  of  Rose),  which 


mtkea  up  90  p.  c  of  the  Blabopvllle  meteorite,  belongs  here  and  Is  the  purest  Uud.  Vietorile. 


occurrtog  in  the  Deeaa  meteoric  Iron  in  n 


!8  of  Bcicular  cryaisla,  Is  similar. 
764. 
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Enststlte  (BroozUe). 


Hyperslhen 


3,  Ferriferoitt;  BronuU.  Color  graTleh  green  lo  olive-green  and  brown.  Luster  or 
cleavsge-surfiice  often  adamauilue-viearly  to  submelaliic  or  bronze-lilce:  this,  however,  Is 
usually  of  sccotidaij  oiigia  and  la  not  esaeuliiil.     With  ihe  Increase  of  irou  {above  12  to  14 

c.l  broDziie  passes  to  nyperstbeae,  the  optic  axial  angle  cbanging  so  that  In  the  latter- 
o.     This  Is  ir-— J  1...  oi-   ".o   -'*' 


=  Bi,  and  Bi,  j.  a 


766. 


is  lIluBltaled  by  Pigs. 
766. 


Sa.  764. 


7B7. 


Pyr.,  etc. — B.B,  aJmoBt  Infusible, beiug  only  slightly  rounded  on  Ihe  thin  edges:  F.=  6, 
lusoliible  lu  liydrocbloric  acid. 

Oba.— Enntatlte(lnc1.  bronzlte)lsa  common  consiliuent of  peHdntltcsendlhe  terpentines 
•lerived  from  them;  it  also  occurs  In  cryslalllne  schists.  It  U  nften  n-isiirlnled  in  piiraDel 
fjriiwtli  with  a  monocllnic  pyroxene,  e.g.,  diallage  (Figs,  T5S.  TRR),  A  common  mineral  la 
meteoric  stones  often  occtirrin):  In  cbnndriiles  with  eccentric  radiated  sti^icliirc  (Pifr-  767). 

Oi'Cuia  near  Alo^slhnl  in  Homvin.  in  aerpentine:  at  Knpferber^  In  Bavaria;  at  Baste  In 
the  HiiiT  i protobastitt):  in  the  so-called  olivine  bombs  of  the  Dreiser  Wciher  in  IbeEirel; 
in  Immense  crystals.  It)  part  altered,  al  the  apatite  deposits  of  Kjarreslnd  near  Bnmle,  Nor- 
way: in  the  peridotlte  nasoclaled  with  the  diamond  deposits  of  Sontb  Africa. 

In  tbe  U.  S.,  In  New  York  at  the  Tilly  Foster  magnetite  mine,  Brewster.  Putnam  Co., 
with  cbondrodite;  at  Edwards,  N.  Y. 

Named  from  enridTtfi,  an  opponent,  because  so  refractory.  The  name  broMiU  has 
priority,  but  a  bronze  luster  Is  not  essential,  and  la  fat  from  universal. 


Orthorhombic.     Axes  d\l:t  =  0-9713  : 1 :  0-5704. 


,   110  a  110  =  88' 20'. 
014A0i4  =  l«M4'. 


Ill  Alii  =  eras'. 
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Crystals  rare,  habit  priamstic,  often  tabalar  f  a,  leas  often  |  b.     Usually 

foliated  masBive;  eometimes  in  embedded  Bpherical  forms. 

Cleavage  :  b  perfect;  m  aiid  a  distinct  but  interrupted.     Fracture  nneven. 
Brittle,     H.  =  5-6.     G.  —  3-40-330.     Luator  somewhat  pearly  on  a  cleavage- 


769. 


snrface,  and  aometimes  metalioidal.  Color  dark  brownish  green,  grayish  black, 
greenish  black,  pinchbeck-brown.  Streak  grayish,  brownish  gray.  Translu- 
cent to  nearly  opaque.  Fleochroism  often  strong,  especially  iu  the  kinds  with 
high  iron  percentage  ;  thus  \aoT  6  brownish  reu,  b  or  5  reddish  yellow,  c  or  ^ 
green.  Optically  — .  Ax.  pi.  \b.  Bi  J.  a.  Dispersion  p  >  v.  Aiial  angle 
Tather  large  and  variable,  diminishing  with  increase  of  iron,  cf.  enstatite,  p. 
384,  and  Figs.  753,  764,  p.  385.     /3  =  1-702;  j/  -  «  =  0013. 

Hyperathene  often  eoclOBeg  mlouta  labulu  icalea,  usually  of  a  brawD  color,  arraoj^ed 
mostly  parallel  to  Ibe  bs«»l  plane  (Fig.  760).  also  len  frequently  Terllcal  oi  JDcllned  80°  to 
h\  tLey  may  be  brookite  (gOthite,  bematlte).  but  their  true  pature  is  doubtful.  They  are 
Ibe  cause  of  the  peculiar  metalioidal  luster  or  schiller,  and  are  ofteD  of  ucoadary  origio. 
being  developed  along  the  so. called  "solutJon-plaDes"  (p.  149). 

Comp.,  Tar.— (Fe,Mg)SiO.  with  Fe:Mg=  l:3(FeO  =  167  p.  c),  l:2(FeO 
=  21-7  p.  c.)  to  nearly  1:1  (FeO  =  31'0  p.  c).  Alumina  is  sometimes  present 
(up  to  10  p.  c.)  and  the  composition  then  approximates  to  the  aluminous 
pyroxenes. 

or  the  ortborbombic  mngnesium-lron  mclaslHcBtcs.  tbose  with  FeO  >  12  to  16  p.  c.  are 
nsuslly  to  be  cl>is»ed  with  byperstbeae,  trhlcb  U  further  cbaracteriied  by  being  optically 
negative  nod  hnvine  dispersioD  ft  >  v. 

Pyr.,  etc, — B.B.  fusei4  to  a  black  enamel,  ntid  on  charcoal  yields  a  magnetic  mass; 
fusea  more  easily  with  increasing  amount  of  iron.  Partially  decomposed  by  liydro- 
«bloric  acid. 

Obi. — HyperBtbene,  associated  with  a  iHclinln  feldspar  (labradovite),  is  common  in 
certain  granular  eruptive  rocks,  as  norite,  hyperite,  gabbro,  also  iu  some  andesjles  (Aypar- 
atkene-andtHte),  a  rock  recently  bIiowd  to  occur  rather  eiteosively  in  widely  separated 
regions. 

It  occurs  nt  Isle  St.  Paul  ;  Labrador;  in  Greenland;  at  Fariund  iind  elsewhere  in  Nor- 
way; Elfdalfn  in  Sweden;  Penig  in  Saioo;^;  Itoiiabeig  in  Bobemiu:  llie  Tyrol;  Neurode 
in  Sili'i^ia;  Bodenmais.  Bavaria.  Amblyilegitt  is  from  ttie  Laacber  See.  Szaboiu  occurs 
wiih  pseud olimokite  and  tridymite,  in  cavities  in  the  audesiie  of  the  Arauyer  Berg,  Tran- 
«ylvniiia,  and  elsewhere. 

Occurs  in  llio  noriles  of  the  CortUiidt  region  on  Ibc  Hudson  river,  N.  Y, ;  also  comtDon 
■with  lalirndoritc  in  the  Adirondack  Archican  region  of  northern  New  York  and  northward 
In  Cantidn.  In  the  bypcrsihene-audesites  of  Mt.  Sbasia,  CultforDla;  Bu£tulo  Peaks,  Colo- 
rado and  other  jioints. 

Ilyprrittheni-  is  named  from  v-i!4p  and  rr'itvo',.  very  ilrong,  or  tough. 

Bahtite,  or  ScniLLBR  Si>ar.  Ad  altered  cusiatiie  (or  brooziie)  hnving  approiimately 
tike  composition  of  serpentine.     It  occurs  in  foliated  form  in  certain  granular  eruptive 
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rocka  and  U  cIiukcteHzed  by  a  brouze-like  metnlloIdBl  luster  or  schlller  on  the  chief 
cleavage- face  {b).  which  "  scbtllerizailui] "  ip.  leO)  Is  of  secondary  origin.  H.  =  8'0-4. 
<i,=  2'5-2*T.  Color  leek'greeD  lo  olive-  and  pi«tnch1o-greea,  aod  pinchbeck  brown.  Pleo- 
chroism  not  marked.  Optically  — .  Double  retraction  weak.  Ax.  pi.  |  a  (hence  normal 
to  that  of  L'usiaiile).     Bi  1  A.     DUperalou  o  >  v.     Ttie  orlgiaal  baatlte  waa  from  Baste 

■r  Harzburg  in  the  Hun:  also  from  Todtmoos  In  the  tichwarzwald. 

I. n.«.^  u.tQ.ii   ,M_  u..>ai<^       n 1  j^  rounded  nodu 

=  3-28.    Color  light  grMDish  yelloi 

fi.  Monodtnte  Section. 
PYROXBNZI. 

Monoclinic     Axes  a:$:i=  10921 :  1 :  05893;  /S  =  74"  10'. 


w"',  110AliO  =  »8°60'. 
001  A  100  =  74°  Iff. 
001  A  iOl  =  81-  2ff. 
Oil  A0il  =  6»°6'. 
021  a02i  =»r  11'. 
001  A  111  =  38°  48J'. 


cv,  001  A  821  =  «°  H'. 
em,  001  A  110  =  79''»i'. 
«.  001  A  TU  =48°  2'. 
uu'.  Ill  A  111  =  48°  29". 
«■,  ill  Alii  =  MMl'. 
Mf.  221  A  821  =  84°  11'. 


^ 


f?^ 


Tvina :  W.  pi.  (1)  a,  contact-twins,  common  (Fig.  769),  sometimes  polj- 
sjDthetic.  (2)  c,  as  twinniDg  lamellte  producing  striations  on  the  Tertit^ 
faces  and  paetido-cleaTage  or  parting  J  c  (Fig.  770);  very  common,  often  sec- 
oiidary.  (3)  y  (101)  cruciform -twins,  not  common  (Fig.  421,  p.  130).  (4)  W 
(123)  the  vertical  azee  croesing  at  angles  of  nearly  60°;  sometimes  repeated  as 
a  six-rayed  star  (Fig.  420,  p.  130).  Crystals  usually  prismatic  in  habit,  ofteu 
«hort  and  thick,  and  eithei'  a  square  prism  {a,  b  prominent),  or  nearly  square 

7S8.  767.  768.  709- 

Ma  M    1 

{93°,  87°)  with  m  predominating;  sometimea  a  nearly  symmetrical  8-sided 

Srism  with  a,  b,  m  (Fig.  770).  _  Often  coarsely  lamellar,  {cot  a.     Also  grano- 
ir,  coarse  or  fine;  rarely  fibrous  or  columnar. 
Cleavage :  m  sometimes  ratlier  perfect,  but  interrapted,  often  only  observed 
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in  thin  sections  X  i  (Fig.  771),     Farting  \  c,  due  to  twinning,  often  promi- 
^,,g  ,,,  nent,    especially    in    large    crystals    and 

lamellar  massea  (Fig.  77U);  also  H  a  less 
distinct  and  not  so  common.  Fracture 
nneveii  to  conchoidal.  Brittle.  H.  = 
5-6  G  —  3-3-3-6,  varying  with  the  com- 
position  Luster  vitreous  iiiclinicg  to 
resinous  often  dull;  sometimes  pearly 
B  c  in  kinds  showing  parting.  Color  usu- 
ally green  of  variona  dull  shades,  varying 
from  nearly  colorless,  white,  or  grayish 
white  to  browD  and  black;  rarely  bright 
green,  as  in  kinds  containing  chromium;  also  blue.  Streak  white  to  gray  and 
grayish  green.  Transparent  to  opaque.  Pleochroism  uHually  weak,  even  io 
dark-colored  varieties;  sometimes  marked,  especially  in  violet-brown  kinds 
containing  titanium. 

Optic^ly  -|-.  Birefringence  strong,  {y  —  a)  =  0-02  —  003.  Ax.  pi,  Q  h. 
Bx,  A(5  =  CA('  =  +  36°  in  diopside,  to  -f  53°  in  angite  (wh.  see),  or  cc  =  20* 
to  36°,  the  angle  in  general  increasing  with  amount  of  iron.  For  diopside 
from  Ala   (Dx.):    SE,  =  111"  20'.     Also   (Flink)   for  white  diopside   from 


^ 


'_lM 


Nordmark  (2-49  p.  c.  FeO) : 


-I-  38°  8i'  Se-  ff  68°  62'  58*  ¥S  1-08878  1 -68359  1 09869 

Comp.,  Tar. — For  the  moat  part  a  normal  metaailicate,  RSiO>,  chiefly  of 
calcium   and   magnesium,  also  iron,  less 
often   manganese  and   zinc.    The  alkali  '^''3. 

metals  potassium  and  sodium  present 
rarely,  except  in  very  small  amount. 
Also  ill  certain  varieties  containing  the 
trivalent  metiils  aluminium,  ferric  iron, 
and  manganese.  These  Inst  varieties  may 
be  most  simply  considered  as  molecu- 
lar componnda  of  Ca(Mg,Fe)yi,0,  and 
(Mg,Fe)(Al,Fe)  StO.,  aa  suggested  by 
Tschermak.  Chromium  is  aometimos 
prpsent  in  small  amount;  also  titanium 
replacing  silicon. 

The  uome  Pyroxene  is  from  jti'o,  lire,  aod 
^fvo%,  ttranger,  rdiI  records  IlaQy'a  idcu  llial 
the  mliieriil  was.  as  lie  expresses  it.  "a  straDger 
in  tbe  iluraaiu  of  fire,"  nhereaK,  In  fact,  it  Is.  ncxl 
to  ttie  feldsiiars,  tbe  most  uuiversal  coaslitueut 
of  igneous  rocks. 

The  variolks  are  numerous  itnd  depend  upon  variations 
more  promitieDi  of  the  varieties  properly  muk  as  sub.speciet. 


mposltion  chiefly;  tbe 


I.  Containing  little  i 


0  Aluminium. 


1.  Diopside.  Malacolite,  Alalite.  Calcium-magnesium  pyroxene.  For- 
mula CaMgl8iO,},  =  Silica55-G,  lime  25-9,  maguesia  18o  =  100.  Color  white, 
yellowish,  grayisli  white  to  pale  green,  and  finally  to  dark  green  and  nearly 
black;  sometiineB  transparent  and  colorless,  also  rarely  a  fine  blue.     In  pris- 
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matic  crystals,  often  slender;  also  granular  and  columnar  to  lamellar  massive. 
G.  =  3*2-3-38.  Bx.  A  <5  =  +  36**  and  upwards.  y  —  a=z  003.  Iron  is  pres- 
ent usually  in  small  amount  as  noted  below,  and  the  amount  increases  as  it 
graduates  toward  true  hedenbergite. 

Tbe  following  beloug  here:  Chrome-diopaide,  coDtains  chromium  (1  to  2*8  p.  c.  CfaOs), 
often  a  bright  green. 

MalaeoliU,  as  originally  described,  was  a  pale-colored  translucent  variety  from  Sala, 
Sweden. 

AUiUie  occurs  in  broad  right-angled  prisms,  colorless  to  faint  greenish  or  clear  green, 
from  the  Mussa  Alp  in  the  Ala  valley,  Piedmont. 

Traversellite,  from  Traversella,  is  similar. 

Violan  is  a  line  blue  diopside  from  St.  Marcel,  Piedmont,  Italy;  occurring  in  prismatic 
crystals  and  massive. 

CanaaniU  is  a  grayish-white  or  bluish- white  pyroxene  rock  occurring  with  dolomite  at 
Canaan,  Conn. 

Lavraviis  is  a  pvrozene,  colored  green  by  vanadium,  from  the  neighborhood  of  Lake 
Baikal,  in  eastern  Siberia. 

Diopnde  is  named  from  8t^,  twice  or  double,  and  o^iS,  appearance.  MalaeolUe  is  from 
fjiaXaKo^,  toft,  because  softer  than  feldspar,  with  which  it  was  associated. 

2.  Hedenbergite.  Calcium -iron  pyroxene.  Formula  CaFe(SiO,),  = 
Silica  48*4,  iron  protoxide  29  4,  lime  22*2  =  100.  Color  black.  In  crystals, 
and  also  lamellar  massive.  G.  =  3*5-3'58.  Bx^  a  <5  =  +  48*^.  Manganese  is 
present  in  manganhedenhergite  to  6*5  p.  c.     Color  grayish  green.     G.  =  3*55. 

Between  the  two  extremes,  diopside  and  hedenbergite,  there  are  numerous  transitions 
conforming  to  tbe  formula  Ca(Mg,Fe)Si90«.  As  the  amount  of  iron  increases  the  color 
changes  from  liglit  to  dark  green  to  nearly  black,  the  specific  gravity  increases  from  8*2  to 
3*6,  and  tbe  an^le  Bx.  A  <^  also  from  ^Q"  to  48^ 

The  following  are  varieties,  coming  under  these  two  sub-species,  based  in  part  upon 
structure,  in  part  on  peculiarities  of  composition. 

Salite  (Saliliie),  color  erayish  green  to  deep  green  and  black;  sometimes  grayish  and 
yellowish  white;  in  crystals;  also  lamellar  (parting  |  c)  and  granular  massive;  m)m  Sala  in 
Sweden.  BaikaUte,  a  dark  dingy  green  variety,  in  crystals,  with  parting  |  c\  from  Lake 
Baikal,  in  Siberia. 

Coccolite  is  a  granular  variety,  embedded  in  calcite,  also  forming  loosely  coherent  to 
compact  aggregates;  color  varving  from  white  to  pale  green  to  dark  green,^  and  then  con- 
taining considerable  iron;  the  fatter  the  original  coccolite.     Named  from  k6kko%,  ag^'ain, 

DiALLAOB.  A  lamellar  or  thin-foliated  pyroxene,  characterized  by  a  fine  lamellar 
structure  and  parting  I  a,  with  also  parting  |  6,  and  less  often  |  c.  Also  a  fibrous  structure 
I  h.  Twinning  |  a,  often  poly  synthetic;  interlamiuation  with  an  orthorhombic  pyroxene 
common  (Figs.  755  and  756,  p.  886).  Color  grayish  green  to  bright  grass-green,  and  deep 
green;  also  brown.  Luster  of  surface  a  often  pearly,  sometimes  metalloidal  or  exhibiting 
Schiller  and  resembling  bronzite,  from  the  presence  of  microscopic  inclusions  of  secondary 
origin.  Bxa  A  ^  =  +  89  to  iO";  fl  =  VeSl;  y  -  a  =  0*024.  H.  =  4;  G.  =  8-2-8-35.  In 
composition  near  diopside,  but  often  containing  alumina  and  sometimes  in  considerable 
amount,  then  properly  to  be  classed  with  the  augites.  Often  changed  to  amphibole,  see 
smuragdite,  p.  401,  and  uralite,  p.  401.  Named  from  SiaXXayi^,  difference,  in  allusion  to 
the  dissimilar  planes  of  fracture.  This  is  the  characteristic  pyroxene  of  gabbro,  and  other 
related  rocks. 

OmpJiacite.  The  granular  to  foliated  pyroxenic  constituent  of  the  garnet-rock  called 
cclogite,  often  interlaminated  with  amphibole  (smaragdite);  color  grass-green.  Contains 
some  AI9O3. 

3.  ScHEFFERiTE.  A  manganese  pyroxene^  sometimes  also  containing  much 
iron.     Color  brown  to  black. 

In  crystals,  sometimes  tabular  |  <;,  also  with  p  (101)  prominent,  more  often  elongated  in 
the  direction  of  the  zone  h :  p  (101),  rarely  prismatic,  |  h.  Twins,  with  a  as  tw.  pi.  very 
common.  Also  crystalline,  massive.  Cleavage  prismatic,  very  distinct.  Color  yellowish 
brown  to  reddish  brown;  also  black  iironUcJufferite),  Optically -f*  BxaA^=c  A^  = 
44^  254'.  The  iron-schefferite  from  Pajsberg  is  black  in  color  and  hat  c  a  ^  =  +  ^O**  to 
-59**  for  different  zones  in  the  same  crvstaL  The  brown  iron-schefferite  {urhanUe)  from 
X&ngban  has  c  a  ^  =  69°  8'.    It  resembles  garoet  in  appearance. 
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Jffftrtonil*  Ii  a  manganese-ziDC  pyroxene  from  Franklla  Furnace,  N.  J.  (but  the  zinc 
may  Be  due  to  impurity).  Id  large,  coarae  cryitule  nUb  edgea  rounded  and  faces  UDeren. 
Color  greenieb  black,  od  tbe  eipcraed  surface  chocoUie-broviD. 

II.  Aluminout. 

4.  AuoiTK.  Aluminous  pyroxene.  Composition  chiefly  CaMgSi.O,  with 
(Mg,Fe)(Al,Fe),SiO„  and  occasionally  also  containing  alkalies  and  then  gradu- 
ating toward  (egirite.     Titanium  is  also  sometimes  present.     Here  belong: 

a.  Lbdcauoite.  Color  wblte  or  grayisb.  Coiilains  alumina,  nitb  lime  and  iDiiguesia, 
and  little  or  no  iron.     Looks  like  dlopalde.     H.  =  fl-B;  G.  =  318.     Named  from  XevKoi, 

b.  Fabsattb.    locludes  the  pale  to  dark,  sometimes  deep-green  crystals,  or  plsiachlo- 

Seeu  and  tben   resembling   epidoie  (Pig,  786).     Tbe  aluminous  kinds  ot  diallage  also 
long  here.     Named  from  tbe  locality  in  the  Fassatliul,  Tyrol.     iVvo"!  Is  from  xtip^UNo:, 

e.  AroiTB.  Includes  tbe  greeniab  or  brownish  black  and  black  kinds,  occurrlng^ 
mostly  in  eruptive  rocks.  It  Is  usually  in  short  prismatic  crystals,  thick  nod  stout,  or 
tabular  |  a;  often  twins  {Figs-  787-769).  Ferric  iron  is  here  present,  iu  relatively  large 
amouot,  iind  the  angle  Bx.  A  i  becomes +  60°  lo  53°.  fi  =  1-717;  j-  -  n  =  003?  """ 
Is  present  in  some  kinds,  which  are  then  pleochroic.  Named  from  avyi^,  lutttr. 
d.  AuiAU-ACoriB.  Here  belong  varieties  of  augite  cliaracterized  )i^  the  pre: 
alkalies,  especially  soda;  tbcy  approiimalc  m  ( 
linn  and  optically  to  acmite  and  teglriie  (Bxi  A  c  =  oo  , 
Rg.  773),  and  are  sometimes  called  legiritu-Buglte  (cf. 
Fig.  776,  p.  302).  Known  chleflv  from  rocks  rich  In 
al&lies,  as  elseoliie-syenlle.  phonolite,  leucitiie,  etc. 

Pyr.,  etc. — Varying  widely,  owing  lo  the  wide 
variations  in  composition  In  the  different  varieliea,  and 
often  by  insensible  gradations.  Fusibility.  3'75  in  diop- 
slde;  8'5  in  salite,  baikallte,  and  omphiicitc;  3  in  jefler- 
aoDlte  and  au^lle;  3'S  in  heclenhergile.  Varieties  rich 
in  iron  nSord  a  magnetic  globule  when  fused  on  char- 
coil,  and  In  general  the  fusiliillty  varies  witb'tlie 
amount  of  iron.  Many  varielles  give  with  the  lliixes 
I  for  niatiganesc.  Most  vurietics  are  unacted 
upon  by  ncida. 

Dift — Chiiracteriiwl  by  nionocliuic  crystal lizalion 
and  tlie  prismalic  angle  of  87°  and  93°,  hence  yielding 
nenrly  square  prisma;  these  may  be  mlslnlii'n  for  acapo- 
lite  if  terminal  faces  are  wauling  or  Indistinct  (but 
Bcapoltte  fuses  easily  B.B.  with  Inlumesceuce).  The  oblique  parting  i|  c.  Fig,  770)  often 
distinctive,  also  the  eonimon  dull  green  to  gmy  and  brown  colors.  Am  pi  dbolc  differs  in 
prismatic  angle  (55|°  and  124}°)  and  cleavage,  and  in  liaviog  common  columnar  to  fibrous 
varitticB,  wldcli  arc  rare  with  pyroxene.     See  also  p.  398. 

Tiie  cotnmou  rock-forming  pyroxenes  are  distmguisbed  In  thin  sections  by  tliclr  higb 
relief;  iisuully  gieenish  to  olive  tones  of  color;  distinct  system  of  inter- 
nipled  cleavnge-<-rack8  i.TO!!sing  one  anolher  at  nearly  right  angles  in  seclious 
±  i  (Fig.  771);  hii^h  interference-colors:  general  lack  of  pleochroismi  Inrge 
extinction-angle,  85°  lo  50°and  higher,  for  sections  [  b  |010|.  The  last-named  . 
sections  are  easily  recognized  by  sliowing  tbe  highest  interference- colors; 
yielding  no  optical  figures  in  convergent  light  and  having  parallel  cleavnge- 
cracks.  tbe  latter  iu  the  direction  of  tlie  vertical  axis.    See  also  Kgiritt'.  p.  ^2. 

A  znnal  banding  is  common,  the  successive  iaminK  sometimes  differing   1 
In  extinction-angle  and  pleocln-oism;  also  the  hour-gluss  structure  occasion. 
ally  distinct  <Fig.  774.  fi-om  Lacroix). 

Obs. — Pyroxene  Is  a  common  mineral  in  crystalline  limestone  and  dolo- 
mite. In  serpentitie  and  in  volcanic  rocks;  auJ  occurs  also,  but  lew  abun- 
danlly,  In  connection  with  granitic  rocks  ami  metamorphlc  schists;  sometimes 
forms  large  beds  or  veins,  especially  in  Arclwenn  rocks.  It  occurs  also  In 
meteorites.  The  pyroxene  of  limestone  is  mostly  white  and  light  green  or 
gray  in  color,  falling  under  iHoptide  (nialncolite,  salite.  coccolite);    that   of   i 
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roetamorphic  rocks  is  sometimes  white  or  colorless,  but  usually  green  of  differeut  shades, 
from  pale  green  to  greenish  black,  and  occasionally  black;  that  ut  serpentine  is  sometimes 
in  fine  crystals,  but  often  of  the  foliated  green  kind  called  diallage;  tliat  of  eruptive  rocks 
is  usually  the  black  to  greenish- black  augite. 

In  limestone  the  associations  are  often  amphibole,  scapolite,  vesuvlanite.  garnet,  ortho- 
clase,  titanite,  apatite,  phlogopite,  and  sometimes  brown  tourmaline,  chlorite,  talc,  zircon^ 
spinel,  rutile,  etc.;  and  in  other  metamorphic  rocks  mostly  the  same.  In  eruptive  rocks  it 
may  be  in  distinct  embedded  crystals,  or  in  grains  without  external  crystalline  form;  it 
often  occurs  with  similarly  disseminated  chrysolite  (olivine),  crystals  of  orthoclase  (snni- 
dine),  labradorite.  leucite,  etc ;  also  with  a  rhombic  pyroxene,  auiphibole,  etc. 

Pyroxene,  as  an  essential  rock-making  mineral,  is  especially  common  in  basic  eruptive 
rocks.  Thus,  as  augite,  with  a  triclinic  feldspar  (usually  labradorite).  magnetite,  often 
chrysolite,  in  basalt,  oasaltic  lavas  and  dUbase;  iu  andesite;  also  in  trachyte;  in  peridotite 
and  pikrite;  with  nephelite  in  phonolite.  Further  with  elseolite,  orthoclase,  etc.,  in 
eloBolite-syenite  and  augite-syenite;  also  as  diallage  in  gabbro;  in  many  peridotites  and  the 
serpentines  formed  from  them;  as  diopside  (mulacolite)  in  crystalline  schists.  In  limbure- 
ite,  augitite  and  pyroxeuite,  pyroxene  is  present  as  the  promincni  constituent,  while  feld- 
spar is  absent;  it  may  also  form  rock  masses  alone  nearly  free  from  associated  minerals. 

Diopside  (alalite,  mussite)  occurs  in  fine  crystals  on  the  Mussa  alp  in  the  Ala  valley  Id 
Piedmont,  associated  with  garnets  (hessonite)  and  talc  in  veins  traversing  serpentine:  in 
fine  crystals  at  Traversella;  at  Zermatt  in  Switzerland;  Schwarzeustein  in  the  Zillerthal; 
Ober-Sulzbachthal  and  elsewhere  in  Tvrol  and  in  the  Salzburg  Alps;  Reichenstein;  Kez- 
banya,  Hungary;  Achmntovsk  in  the  Ural  with  nlmandite,  clinochlore;  L.  Baikal  (haikcUitey 
in  eastern  Siberia;  Pargiis  in  Finland;  at  Nordmark,  Sweden. 

Hedenhergite  is  from  Tunaberg,  Sweden;  Arendal,  Norway.  Manganhedeubergite  from 
Vester  Silfberg;  sehefferiU  from  L&ngban,  Sweden. 

Augtte  (incT.  fassaite)  occurs  on  the  Pesmeda  alp,  Mt.  Monzoni,  and  elsewhere  in  the- 
Fassathal,  as  a  contact  formation;  Traversella,  Piedmont;  the  Laacber  See  and  the  Eifel;. 
Sasbach  in  the  Kaiserstuhl;  Vesuvius,  white  rare,  green,  brown,  yellow  to  black;  Frnscati; 
Etna;  the  Azores  and  Cape  Verde  Islands;  the  Sandwich  Islands,  and  many  other  regions^ 
of  volcanic  rocks. 

In  N.  America,  occurs  in  Mainet  at  Raymond  and  Humford,  diopside,  salite,  etc.  lit 
Vermont,  at  Tbetford,  black  augite,  with  chrysolite,  in  l)owlders  of  basalt.  In  Conn,,  at 
Canaan,  white  cryst.,  often  externally  changed  to  tremoliie,  in  dolomite:  also  the  pyrox- 
enic  rock  called  eanaaniU.  In  N,  York,  at  Warwick,  fine  cryst.;  in  Westchester  Co., 
white,  at  the  Sing  Sing  quarries;  In  Orange  Co.,  in  Monroe,  at  Two  Ponds,  cryst.,  often 
large,  in  limestone;  near  Qreenwood  furnace,  and  also  near  Edenville;  in  Lewis  Co.,  at 
Diana,  white  and  black  cryst.;  in  St.  Lawrence  Co.,  at  Fine,  in  lar^e  cryst.;  at  De  Kalb, 
fine  diopside;  also  at  Qouverneur,  Rossie,  Russell,  Pitcairn;  at  Monah,  coccolite,  in  lime- 
stone. In  N,  Jersey,  Franklin  Furnace,  Sussex  Co.,  good  cryst.,  a\90  jeffersonite.  In  Penn.^ 
near  Atileboro',  cryst.  and  granular;  in  Pennsbury,  at  Burnett's  quarry,  diopside;  at  thfr 
French  Creek  mines,  Chester  Co.,  chiefly  altered  to  fibrous  amphibole.  In  Tennessee,  at 
the  Ducktown  mines. 

In  Canada,  at  Calumet  I.,  grayish-green  cryst.  in  Hmestone;  in  Bathurst,  colorless  or 
white  cryst.;  at  Grenville,  dark  green  cryst.,  and  granular;  Burgess,  Lanark  Co.;  Renfrew^ 
Co.,  with  apatite,  titanile,  etc.;  Orford,  Sherbrooke  Co.,  white  crystals,  also  of  a  chrome- 
green  color  with  chrome  garnet;  at  Hull  and  Wakefield,  white  crystals  with  nearly  colore 
less  gnrncts,  honey-yellow  vesuvianite,  etc.  At  many  other  points  in  the  Archtean  of 
Quebec  and  Ontario,  especially  in  connection  with  the  apatite  deposits. 

Pyroxene  undergoes  alteration  in  different  ways.  A  change  of  molecular  con- 
stitution without  essential  change  of  composition,  i.e^  by  pnramorphism  (using  the 
word  rather  broadly),  may  result  in  the  formation  of  soaie  variety  of  amphibole.  Thus, 
the  white  pyroxene  crystals  of  Canaan,  Conn.,  are  often  changed  on  the  exterior  to  tremo- 
lite;  similarly  with  other  varieties  at  many  localities.  See  uralite,  p.  401.  Also  changed 
to  steatite,  serpentine,  etc. 

AOMITS.     uEgiritb. 

Monoclinic.    Axes:  a:t:i  =  1-0996  :  1  :  0-6012;  /3  =  73**  11'. 

Twins:  tw.  pi.  a,  very  common;  crystals  often  polysynthetic,  with 
enclosed  twinning  lamellae.  Crystals  long  prismatic,  vertically  striated  or 
channeled;  acute  terminations  very  characteristic. 
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The  above  applies  to  ordlnarj  aetnile.    For  agiritt.  crjaUk  prUm&tlc.  bluntly  terml- 
11i.  776a,  uaieil:  iwins  doi  commoDi  uIho  lu  Kfoups  or  tufts  of  slender 

ocfcular  to  capillar;  cryslaU,  aod  In  nbrous  forms. 

Cleavage:  m  distinct;  h  less  ao.  Fracture  uneven. 
Brittle.  H.  =  6-6-5.  G.  =  3-50-3-55  Bgr.  Luster 
vitreous,  incliniug  to  resinous.  Streak  pale  yellowiah 
gray.  Color  brownish  or  reddisli  browD,  green ;  in  the 
fracture  blackish  green.  Sub  transparent  to  opaque. 
Optically  — .  Ax.  pi.  Q  b.  Bx,  a*'— QAt^  —  +  2^° 
acniite,  to  6°  legirite.     /tf,  —  1'808;  ;'  —  a—  0062. 

Var. — Includes  aemiU  In   ibarp- pointed  crysUls  (Fig.  776] 
oflea   twiuH.     Bi.  A  i  =  51°-8".     Also   irginte  (Fig.   775«)  in 
crystals  bluntlv  terminated,  tirlns  rare,  Bz.  A  ^  =  3^°-9i°. 
Crystals   of  acmile   oftea   sbow  a  marked  zonal  slmcture. 
_  _._    _  on  the  Biterlor,  particularly   |  o,  ft,  p(iOl).  «  (111),     Tbe  brown 

portion  taciiiitc)  is  feebly  pleocbroic.  Ibe  green  (Kgirile)  strongly  pleochroic.  Botb  have 
absorption  a>b>c,  but  the  former  lias  a  light  bruHo  with  tinge  of  {^reen,  6  greenish  yellow 
with  lioge  of  brown,  i  bruwclsh 
yellow;  Uie  latter  has  0  deep  grass- 
Creeu,  6  li^'hler  gmss-green,  c  yel- 
lowitili  brown  to  yellowish. 

Witb  some  authors  (vom  Bath, 
«tc.)  I  ~  lOU)  and  a  A  i  =  -  2° 
»o  -6°,  as  in  Fig.  776o,  Fig.  778 
shows  the  optical  orientalion  ac- 
cord iiig  to  BrOgger. 

Comp.  —  Essentially    NaFe 
<SiO,),orNa,O.Fe,0,.  48iO,=  ' 
Silica    52-0,   iron    sesqiiioxide 
34-0,  soda  13-4  =  100,    Ferrous 
iron  is  also  jircsent. 

Pyr.,  etc.— B,B.  fuses  si  2  to  a 
lustrous  bluck  magnetic  globule, 
I'oloriug  lliu  Bame  deep  yellow  ; 
with  the  Uuxes  reacts  for  iron  and  sometimes  manganese.     Slightly  acted  upon  by  ncids. 

DIff.— jEgiritt  is  charatlerized  io  thin  sections  by  iU  grass-green  color;  stmng  pleo. 
chroism  in  tones  of  green  and  yellow;  the  small  extinclioiinugle  In  sections  j  A  |<flO). 
Dislinttulslicd  from  common  green  hornblende,  with  uhicb  it  might  be  confounded,  liy 
the  fact  that  in  such  sections  the  direction  of  exlinclion  tying  uear  the  cknvage  is  nega- 
live  (q),  while  ihu  same  dirfCtion  In  hornblende  Is  positive  (t). 

Obs. — Tlie  original  aemiU  occurs  at  Rundemvr,  east  of  (be  little  lake  cnllcd  Rokcberg- 
8k;^rn.  io  tbe  paiisU  of  Eber,  near  KongRberp.  Norwny,  hi  n  pegmatite  vein;  ii  is  in  slen- 
ilcr  rrystals,  sometimes  a  fool  long,  embedded  in  fe1ds|>Br  anil  quartz. 

^Hgirite  occurs  especially  in  igneous  rocks  rich  in  «Kln  iind  conlainiug  iron  ;  thus  in 
Sgl rile- granite,  ncphelile-ayenite,  and  some  varieties  of  phonoUtc  ;  often  in  such  ciises 
Iron-ore  f^riiins  are  wanting  in  the  rock,  their  place  being  taken  by  legirite  crystals.  In 
Ibe  Bub-vnriety  of  phonolite  called  tingualte.  the  rock  has  often  a  deep  greenish  color  due 
10  tlie  abunditnce  of  minute  crystals  of  ir^rite.  Large  crystals  are  found  In  the  |>cgmatite 
fades  of  ueplielile-iyeuiies  as  In  West  Oreenlaod,  8ouiliern  Norway,  tbe  peniuoula  Kola 
in  JtUBsiail  Lapland.  Ditro  in  Transylvania. 

Prominent  American  occurrences  are  tlie  following:  Magnet  Cove,  Arkansas  (largo 
oryslals):  Montreal;  Salem,  Mass.;  Liberlyvillc.  N.  J.  (riike):  Trniis  Pecos  district  in 
Texas  (Osiinii);  Black  Hills;  Cripple  Creek,  Colorado;  Bearpsw  Mts.  and  Judith  Mis. 
<Pirs80U|,  and  the  Crazy  Mis.  (Wolff)  in  MonUins. 
^Aetnite  is  named  fiom  Sicu>),  poini.  In  allusion  to  the  pointed  extremities  of  the  crystals; 
!«  is  from  .ilSgir,  the  Icelandic  god  of  the  sea. 
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SPODOBIENB.     Trlphane. 

Monocliuic.     Axes:  a:h:d  =  1-1238  :  1  :  06355 ;  /3  =  69°  40'. 
Twins :  tw.  pi.  a.    Crystals  prismatic  (mm'"  =  93°  0'),  often  flattened  \  a; 
the   vertical   planes  striated  and  furrowed;    crystals  sometimes  very  large. 
Also  massive,  cleavable. 

Cleavage:  mi  perfect.  A  lamellar  structure  \  a  aometimes  very  prominent, 
a  crystal   then   separating  into  777,  77g_  779, 

thin  plates.  Fracture  uneven 
to  Bubconchoidal.  Brittle.  H. 
=  C5-r.  G.  =  313-3-30.  Lus- 
ter vitreous,  on  cleavage  sur- 
faces sumewliat  pearly.  Color 
greenish  white,  grayish  white, 
yellowish  green,  emerald -green, 
yellow,  amethystine  purple. 
Streak  white.  Transparent  to 
translucent.  Pleochroiam  strong 
in  deep  green  varieties.  Opti- 
cally +.  Ax.  pi.  I  b.  Bx.  A  i 
=  f  26°  Dx.,  =  24°  to  25^" 
Oreim.  Dispersion  p>  v,  hori- 
zontal.    2H„  =  64°  58i';  /5,  =  1-669;  y  —  a  =  0-016. 

HiddeniU  bus  n  yollDW-gi-eeii  10  cmtnld-greeD  color;  the  lailer  variety  fa  used  as  a  gem. 
In  small  i\  in,  to  3  Indies  long)  blender  prismatic  crystals,  faces  often  eiclied. 

Comp.— LiAl(SiO,),  or  Li,O.Al,0,.4SiO,  =  Silica  645,  alumina  274,  lithia 
8'4  =  100.  Generally  contains  a  little  sodium;  the  variety  hiddenite  also 
chromium,  to  which  the  color  may  be  due. 

Fyr,,  ate. — B.B.  becomes  white  and  opaque,  enells  up.  Imparts  a  purple-red  color 
(lithia)  to  the  flame,  and  fuses  at  3'5  to  a  clear  or  white  glass.  The  powdered  mineral, 
fused  with  a  mii'.ure  of  polaaslum  blsulpliate  and  fluorite  on  platinum  wire,  gives  a  more 
intense  lithia  reaction.     Not  acted  upon  by  acids. 

Diff— Characterized  by  !(s  perfect  ortiiodiagooal  parting  (In  some  varieties)  as  well  as 
by  prismatic  cleavage;  has  a  higher  speciflc  gravity  and  more  pearly  luster  than  feldspar 
or  scapolite.     Oivcs  a  red  flame  B.B.     Less  fusible  than  amblygouiie. 

Obi.— Occurs  on  the  island  of  Uie.  Sweden;   at  Killiney  Bay.  Ireland;  in  email  trans- 


Norwich,  Maaa. 


Hiddenite. 


(formerly  Novwicli),  and  Sterling,  Mass.;  at  Windham,  Maine,  with  gami-l  and  slaurolile; 
at  Peru,  with  beryl,  triphj-iite,  pelaliie.  In  Conn.,  at  Brancbville,  the  crjalals  often  of 
immense  size;  near  Stony  Point.  Alexander  Co.,  N.  C.  (biddentU):  in  Boulb  Dakota  at  the 
Ella  till  mine  in  Pennington  Co. 

Tiie  name  apodumene  is  from  imoBioi,  aihtoUyred.  HiddeniU  is  named  for  W,  E. 
Hidden  of  New  York. 

The  sixidumene  at  Ooshen  and  Cbesterfleld  is  eitensively  altered:  pseudomorphs  occur 
of  cymatolite  (an  intimate  mixture  of  alblte  and  muscovlte  with  wavy  fibrous  structure  and 
siliiy  luster),  killinile  (pinite),  tnuacovite,  albite,  quartz,  and  of  "vein  granite."  Bimiior 
alteration -products  occur  at  Branchville. 

JADBITB. 

Monoclinic.  Axes,  see  p.  383.  Cleavage  and  optical  characters  like  pyrox- 
ene. Usually  massive,  witn  crystalline  structure,  sometimes  granular,  also 
obscurely  columnar,  fibrous  foliated  to  closely  compact. 

Cleavage:  prismatic,  at  angles  of  about  93°  and  87°;  also  orthodiagonal. 
difficult.  Fracture  splintery.  Extremely  tough.  H.  =  6-5-7.  G.  =  3-33- 
3'35.     Luster  subvitreouB,  pearly  on  surfaces  of  cleavage.     Color  apple-green 
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to  nearly  emendd-green,  bluish  green,  leek-green,  greenish  white,  and  nearljr 
white;  sometimes  white  with  spots  of  bright  green.  Optically  biaxial,  neg* 
ative.  Bx^  A  (5  =  30**  to  40°,  2H^  =  82''  48*.  Streak  uncolored.  Trans- 
lucent  to  subtranslucent. 

Comp. — Essentially  a  metasilicate  of  sodium  and  aluminium  corresponding^ 
to  spodumene,  NaAl(SiO,),  or  Na,O.Al,0,.4SiO,  =  Silica  59-4,  alumina  25*2, 
soda  15-4  =  100. 

Ohloramelanite  is  a  dark  green  to  nearly  black  kind  of  Jadeite  (hence  the  name),  contain- 
ing iron  sesquioxide  and  not  conforming  exactly  to  the  above  formula. 

"Byr,,  etc.— B.B.  fuses  readily  to  a  transparent  blebby  glass.  Not  attacked  by  acids 
after  fusion,  and  thus  diifering  from  saussurfte. 

Obs.— Occurs  chiefly  in  eastern  Asia,  thus  in  the  Mogoung  distr.  in  Upper  Burma,  in  a 
▼aller  25  miles  southwest  of  Meinkhoom,  in  rolled  masses  in  a  reddish  clay;  in  Yungchang, 
proTiDCG  of  Tunnan,  southern  China;  in  Thibet.  Much  uncertainty  prevails,  however,  as- 
to  the  exact  localities,  since  ladeite  and  nephrite  have  usually  been  coufounded  together. 
May  occur  also  on  the  American  continent,  in  Mexico  and  South  America  ;  perhaps  also  in 
Europe. 

Jodcite  has  long  been  highly  prized  in  the  East,  especially  in  China,  where  it  is  worked 
into  ornaments  and  utensils  of  great  variety  and  b«iuty.  It  is  also  found  with  the  relics  of 
early  man,  thus  in  the  remains  of  the  lake-dwellers  of  Switzerland,  at  various  points  ia 
Fiance,  in  Mexico,  Greece,  Egypt,  and  Asia  Minor. 

A  pyroxene,  resembling  Jadeite  in  structure  and  consisting  of  the  molecules  of  Jadeite,. 
diopside,  and  acmite  in  nearly  equal  proportions,  occurs  at  the  manganese  mines  of  8t» 
Marcel,  luily  (Peufield). 

Jade  is  a  general  term  used  to  include  various  mineral  substances  of  tou^h  compact 
texture  and  nearly  white  to  dark  green  color  used  by  early  man  for  utensils  audornaments, 
and  still  highly  valued  in  the  Ea^  especially  in  China.  It  includes  properly  two  species 
only;  nepnriU,  a  variety  of  amphibole  (p.  401),  either  tremolite  or  actinolite,  with 
G.  =  2*05-8'0.  and/cutnte,  of  the  pyroxene  group  and  in  composition  a  soda-spodumene, 
with  G.  =  8*8-8-85;  easily  fusible. 

The  Jade  of  China  belongs  to  both  roecies,  so  also  that  of  the  Swiss  lake-habitations  and 
of  Mexico.  Of  the  two,  however,  the  former,  nephrite,  is  tbe  more  common  and  makes  the 
Jade  (ax  stone  or  Punamu  stone)  of  the  Maoris  of  r^ew  Zealand:  also  found  in  Alaska. 

The  uame  jade  is  also  sometimes  loosely  used  to  embrace  other  minerals  of  more  or  less 
similar  characters,  and  which  have  been  or  might  be  similarly  used^thus  sillimanite,  pec- 
tolite,  serpentiuc;  also  vcsuvianite.  garnet.  Bowenite  is  a  jade  like  variety  of  serpentine. 
The  **  jnde  tenace  "  of  de  Saussure  &  now  called  saussuritc. 

WOLLASTONrm.     Tabular  Spnr.     Tafelspath  Germ. 
Monoclinic.     Axes  d:l  :d=  10531  :  1  :  0-9676;  /3  =  84°  30'. 

780.  781. 


a 


B 


mm'', 

110  A  lio  =  w'  4sr, 

hh'", 

540  A  540  =  79"  58'. 

9^* 

Oil  A  Oil  =  sr  ol\ 

ev, 

001  A  101  =  40»  g'. 

cr. 

001  A  501  =  74'  59*. 

ei, 

001  A  101  =  43'  5'. 

— ar 

Diana,  N.  Y.  _         , 

'  ^^^X  Twins:  tw.  pi.  a,  Crvs- 

a  tals  coTninonly  tabular  |  a 

Santorin.  ^^  ^.  also  short  prismatic. 

Usually  cleavable  massive  to  fibrous,  fibers  parallel  or  reticulated ;  also  com- 
pact. 

Cleavage:  a  perfect;  also  c\  t  (lOl)  less  so.  Fracture  uneven.  Brittle. 
H.  =  4*5-5.  G.  =  2*8-2 'O.  Luster  vitreous,  on  cleayage  surfaces  pearly. 
Color  white,  inclining  to  gray,  yellow,  red,  or  brown.  Streak  white.  Sub- 
transparent  to  translucent.     Optically  — .     Bx.  a  ^  =  +  37°  40'.     Dispersion 
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p  >  V  weak;    inclined  strong.    Ax.  pi.  [  b.      2Er  =  70°   40';    fi  =  1-633; 
y  --  a=  0-014. 

Comp. — Calcium  metasilicate,  CaSiO,  or  CaO.SiO,  =  Silica  51*7,  lime  483^ 
=  100. 

'  Pyr.,  etc. — lu  the  matrass  do  change.  6.B.  fuses  easily  ou  the  edges;  with  some  soda, 
a  blebby  class;  with  more,  swells  up  and  is  iufusible.  With  hydrochloric  acid  decom- 
posed with  separatiou  of  silica;  most  varieties  effervesce  slightly  from  the  presence  of  caU 
cite.     Often  phosphoresces. 

Obs. — Wollustouite  is  found  especially  in  granular  limestone,  and  in  regions  of  granite,, 
as  a  contact  formation;  also  in  ejected  masses  in  connection  with  basalt  and  lavas.  It  is- 
often  associated  with  a  lime  garnet,  diopside,  etc. 

Occurs  in  the  copper  mines  of  Cziklowa  in  the  Banat;  at  Orawitza;  at  Dognaczka  and 
Nagydg;  at  Pargas  in  Finland;  at  Harzburg  in  the  Ilarz;  at  Auerbach,  in  granular  lime- 
stone; at  Vesuvius,  rarelv  in  fine  crystals;  on  Elba;  ou  Santoriu. 

In  the  U.  8.,  in  N.  York,  at  Willsborough;  Diana,  Lewis  Co.;  Bonaparte  Lake,  Lewis- 
Co.  In  Penn,,  Bucks  Co.,  8  m.  w.  of  Attleboro'.  In  Canada,  at  Grenville;  at  St.  Jerdm^ 
and  Morin,  Quebec,  with  apatite. 

Named  after  the  English  chemist,  W.  H.  Wollaston  (1766-1828). 

PXICTOLITE. 

Monoclinic.     Axes:  «  :  S  :  (J  =  1-1140  :  1  :  0-9864;  /?  =  84°  40'. 

Commonly  in  close  aggregations  of  acicular  crystals;  elongated  ||  t,  but 
rarely  terminated.     Fibrous  massive^  radiated  to  stellate. 

Cleavage:  a  perfect;  c  also  perfect.  Fracture  uneven.  Brittle.  H.  =  5. 
G.  =  2-68-2*78.  Luster  of  the  surface  of  fracture  silky  or  subvitreous.  Color 
whitish  or  grayish.  Subtranslucent  to  opaque.  Optically  -f  •  Ax.  pL  and 
Bx^i.6;  Bxo  nearly  i. a;  2Ho  =  143°-145^ 

Comp.,  Var.— HNaCa,(SiO,),  or  H,O.Na,0.4Ca0.6SiO,  =  Silica  54*2,  lime 
33-8,  Boda  93,  water  2-7  =  100. 

Pectolite  is  sometimes  classed  with  the  hydrous  species  allied  to  the  zeolites. 

P3rr.,  etc. — In  the  closed  tube  yields  water.  B.B.  fuses  at  2  to  a  white  enamel.  De- 
composed in  part  by  hydrochloric  acid  with  separation  of  silica  as  a  jelly.  Often  gives  out 
light  when  broken  in  the  dark. 

Obs.— Occurs  mostly  in  basic  eruptive  rocks,  in  cavities  or  seams;  occasionally  io 
metamorphic  rocks.  Found  in  Scotland  near  Edinburgh;  at  Kilsyth,  Cost orphine  Hill 
(toalkerite);  I.  Skye.  Also  at  Mt.  Baldo  and  Mt.  Monzoni  in  the  Tyrol;  at  Niederkirchen^ 
Bavaria  (osttielUe), 

Occurs  also  at  Bergen  Hill  and  Paterson,  N.  J.;  Lehigh  Co.,  Penn.;  compact  at  Tsle 
Roynle,  L.  Superior;  at  Magnet  Cove,  Ark.,  in  elceolite-syenite  {mangavpectolite  with  4  p.  c- 
MnO);  compact,  massive  in  Alaska,  where  used,  like  jade,  for  implements. 

Rosenbaschite.     Near  pectolite,  but  contains  zirconium.     From  Norway. 

W&hlerite  A  zirconium-silicate  and  niobate  of  Ca,  Na,  etc.  In  prismaiic,  tabular 
crystals,  yellow  to  brown.  Occurs  in  elsBolite-syenite,  on  several  islands  of  the  Langesund 
fiord,  uejir  Brevik,  in  Norway. 

Lavenite  A  complex  zirconium-silicate  of  Mn.  Ca.  etc.,  containinc  also  F,  Ti,  Ta, 
etc.  In  yellow  to  brown  prismatic  crystals.  Found  on  the  island  L&ven  in  the  Langesund 
fiord,  southern  Norway;  also  elsewhere  in  elceolite-syenite. 

y.  Triclinic  Section. 
RHODONITE. 

Triclinic.  Axes  a  :  J :  (5  =  107285  :  1  :  0-6213;  a  =  103"  18';  /?  =  108*^ 
44';  )/  =  sr  39'. 

Crystals  usually  large  and  rough  with  rounded  edges.  Commonly  tabular 
P  c;  sometimes  resembling  pyroxene  in  habit.  Commonly  masBiye^  cleavable 
to  compact;  also  in  embedded  grains. 
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Cleayage:  m,  if  perfect;  c  less  perfect.  Fracture  oonchoidal  to  uneven; 
very  tough  when  compact.  H.  =  5*5-6 '5.  G.  =  5J'4-3'68.  Luster  vitreous; 
on  cleavage-surfaces  somewhat  pearly.  Oolor  li^ht  brownish  red,  flesh-red, 
rose-pink;  sometimes  s^reenish  or  yellowish,  when  impure;  often  black  outside 
from  exposure.    Streak  white,    ^fransparent  to  translucent. 

Comp.,  Tar. — Manganese  metasUicate,  MnSiO,  or  MnO.SiO,  =  Silica  45*9, 
manganese  protoxide  54*1  =  100.  Iron,  calcium  (in  bustamite),  and  occasion- 
ally zinc  (in  fowleriU)  replace  part  of  the  manganeee. 


782. 


783. 


784. 


Franklin  Famaoe,  K.  J. 


ab. 

100  A  010  =  W  W. 

mM,  110  A  lIO  =  92"  28.' 

oc. 

100  A  001  =  72*  861'. 

0».  001  A  S2l  =  78"  52'. 

be. 

010  A  001  =  78**  43|'. 

ek,     001  A  S21  =  62"  28'. 

am. 

100  A  110  =  48"  88'. 

kn.    i21  A  2Sl  =  86"  6'. 

Pyr.,  etc. — ^B.B.  blackens  and  fases  with  slight  Intumescence  at  2*6;  with  the  fluxes 

fives  leactioDs  for  mangsDeie;  fowlerite  ffives  wlu  soda  on  charcoal  a  reaction  for  sine, 
lightly  acted  upon  by  acids.  The  calci^rous  varieties  often  eflfervesce  from  mechanical 
admixture  of  calcium  carbonate.  In  powder,  partly  dissolves  in  hydrochloric  acid,  and 
the  insoluble  part  becomes  of  a  white  color.  Darkens  on  exposure  to  the  air,  and  some- 
times becomes  nearly  black. 

Difil — Characterized  by  its  pink  color;  distinct  cleavages;  fusibility  and  manganese 
reactions  B.B. 

Obs. — Occurs  at  L&ngban,  Wermland,  Sweden,  in  iron-ore  beds,  in  broad  cleavage- 
plates,  and  also  granular  massive;  at  the  Pajsberg  iron  mines  near  Fllipstad  (paiabergite) 
sometimes  in  small  brilliant  crystals;  in  the  district  of  Ekaterinburg  in  the  Ural  massive 
like  marble,  whence  it  is  obtained  for  ornamental  purposes;  with  tetrahedrite  at  Kapnik 
and  Rezb^nya.  Hungary;  St.  Marcel,  Piedmont;  Mexico  {bustamite,  containing  CaO). 

Occurs  iu  Cummington,  Mass. ;  on  Osgood's  farm.  Blue  Hill  Bay.  Maine;  fowlerite  (con-  * 
tainiug  ZnO)  at  Mine  Hill.  Franklin  Furnace,  and  Sterling  Hill,  near  Ogdensburgh,  N.  J., 
usually  embedded  in  cnlcite  and  sometimes  in  fine  crystals. 

Named  from  po8ov,  a  rose,  in  allusion  to  the  color. 

Rhodonite  is  often  altered  chiefly  by  oxidation  of  the  MnO  ^as  In  mareeline,  dysMniUi)', 
also  by  hydration  (stratopeite,  neotodte,  etc.);  further  by  introauction  of  C0«  {aUagiie, 
photicite,  etc.). 

Babingtonite.  (Ca.Fe,Mn)SiOs  with  Fea(SiOs)..  In  small  black  triclinic  crystals,  near 
rhodonite  in  angle  (axes  on  p.  888).  H.  =  5-5-6.  G.  =  8-85-8-87.  From  Arendal,  Nor- 
way; at  Her bornseel bach,  Nassau;  at  Baveno,  Italy. 

Hiortdahlite.  Essentially  (Naa,Ca)(Si,Zr)Os,  with  also  fluorine.  In  pale  yellow  Ub- 
ular  crystals  (triclinic).  Occurs  sparingly  on  an  island  in  the  Langesund  fiord,  southern 
Norway. 
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3.  Amphibole  Group. 

Orthorhombic,  Monoclinic,  Triclinic. 

Composition  for  the  most  part  that  of  a  metasilicate,  RSiO,,  with  R  =r 
Ga^Mg^Fe  chiefly,  also  Mn,Na,(K,),H,.  Further  often  containing  aluminium 
and  ferric  iron,  in  part  with  alkalies  as  NaAl(SiO,),  or  NaFe(SiO,),  ;  perhapa 

also  containing  BB,SiO,. 

ou  Orthwrhombic  Section, 

&:h 
AnthophyUita  (Mg,Fe)SiO,  0-5138 :  1 

Gedrite  (Mg,Fe)SiO,  with  (Mg,Fe)Al,SiO, 

p.  Monoclinic  Section . 

a  :  h  :  6  B 

Amphibole  0-5511  :  1  :  0*2938        73°  58' 

I.   NoNALUMINOUa  VARIETIES, 

1.  Tremolitb  CaMg,(SiO,), 

2.  AcTiNOLiTB  Ca(Mg,Fe),(SiO,). 

Nephrite,  Asbestus,  Smaragdite,  etc. 
Cummingtonite        (Fe,Mg)SiO, 
Dannemorite  (Fe,Mn,Mg)SiO, 

Oriinerite  FeSiO, 

3.  RiCHTERiTE  (K„Na,Mg,Ca,Mn),(SiO,), 
XL  Aluminous  Varieties, 

4.  Hornblende 

Par^asUe  and  \  ^^'^^^  Ca(Mg,Fe).(SiO.),  with 

&Zn  Hornblende  i  N-^^^  -^  (Mg,Fe).(Al,Fe).Si.O,. 

Glaucophano  NaAl  (SiO,),.  (Fe,Mg)SiO, 

a  \i  :  t  ft 

Eiebeckite  2NaFe(SiO.),.FeSiO,  0-5475  :  1  :  0*2925  =  76**  lO'' 

CrocidoUte  NaFe(SiO,),.FeSiO, 

Arfvedsonite  Na.(Ca,Mg),(Fe,Mn),,(Al,Fe),Si„0,, 

0-5509  :  1  :  0*2378  =  73^    2' 

y.  Triclinic  Section* 

Anigmatite. 

The  only  species  included  under  the  triclinic  section  is  the  rare  and  im* 
perfectly  known  aenigmatite  (cossyrite). 

The  Amphibole  Group  embraces  a  number  of  species  which,  while  falling 
in  different  systems,  are  yet  closely  related  in  form — as  shown  in  the  common 
prismatic  cleavage  of  54**  to  56° — also  in  optical  characters  and  chemical  com- 
position. As  already  noted  (see  p.  383),  the  species  of  this  group  form  chem- 
ically a  series  parallel  to  that  of  the  closely  allied  Pyroxene  Group,  and  between 
them  there  is  a  close  relationship  in  crystalline  form  and  other  characters. 
The  Amphibole  Group,  however,  is  less  fully  developed,  including  fewer 
species,  and  those  known  show  less  variety  in  form. 
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The  chief  dutincUons  between  pyroxene  and  amphibole  proper  are  the  following : 

Prismatic  angle  with  pyroxene  87°  and  08°;  with  amphibole  5d°  and  124°;  the  prismatic 
•cleavage  being  much  more  distinct  in  the  latter 

With  pyroxene,  crystals  usually  short  prismatic  and  often  complex,  structure  of  massive 
kinds  mostly  laimellar  or  granular  :  with  amphibole,  crystals  chietly  long  prisniutic  and 
simple,  columnar,  and  fibrous  massive  kiuds  the  rule. 

The  specific  ^mvity  of  most  of  the  pyroxeue  varieties  is  higher  than  of  the  like  varieties 
•ot  amphibole.  In  composition  of  corresponding  kinds,  magnesium  is  present  in  larger 
4imouut  in  amphibole  (Ua  :  Mg  =  1  :  1  in  diopside,  =1  :  8  in  treniolitc)  ;  nlkulies  more 
frequently  piny  a  prominent  part  in  amphibole. 

The  optical  relations  of  the  prominent  members  of  the  group,  as  regards 
the  position  of  the  ether-axes,  is  exhibited  by  the  following  figures  (Cross); 
•compare  Fig.  751,  p.  384,  for  a  similar  representation  for  the  corresponding 
members  of  the  pyroxene  group. 

786. 

L  n.  m.  IV.  V.  VI. 


I.  Anthophyllite.        II.  Qlaucophane.      III.  Tremolite,  etc.      IV.  Hornblende. 

V.  Arfvedsonite.       VI.  Riebeckite. 


a.  Orthorhombic  Section. 


ANTHOPHYLLZTB. 

Orthorhombic.  Axial  ratio  a  ;5  =  0*5137  :  1.  Crystals  rare,  habit  pris- 
matic {vwi'''  =  54°  23).  Commonly  lamellar,  or  fibrous  massive;  fibers  often 
very  slender;  in  aggregations  of  prisms. 

Cleavage:  prismatic, perfect ;  Aless  so;  a  sometimes  distinct.  H.  =  5*5-6. 
G.  =  3 •1-3*2.  Luster  vitreous,  somewhat  pearly  on  tlie  cleavage-face.  Color 
brownish  gray,  yellowish  brown,  clove-brown,  brownish  grceu,  emerald -green, 
sometimes  metalloidal.  Streak  uncolored  or  grayish.  Transparent  to  sub- 
translucent.  Sometimes  pleochroic.  Usually  optically  -f ;  also  +  ^ot  red, 
—  for  yellow,  green.  Ax.  pi.  always  ||  b,  Bx»  usually  J,  ^5  i^lso  _L  c  for  red,  J_  a 
for  yellow,  green.     Axial  angle  large.     /3  =  1*642  ;  y  —  a  =  0  024. 

Comp.,  Var. — (Mg,Fe)Si03,  corresponding  to  enstatite-bronzite-hypersthene 
in  the  pyroxene  group.  Aluminium  is  sometimes  present  in  considerable 
amount.  Tliere  is  the  same  relation  in  optical  character  between  anthophyl- 
lite (+)  and  gedrite  (  — )  as  between  enstatite  and  hypersthene  (cf.  Figs.  753, 
754,  p.  385). 

Var. — Anthophyllite,  Mg  :  Fe  =  4  :  1,  3  :  1,  etc.  For  8:1,  the  percentage  composi- 
tion is:  Silica  55*6,  iron  protoxide  16*6,  magnesia  27*8  =  100.  Anthophyllite  some- 
times occurs  in  forms  resembling  asbestus. 

Aluminmift,  Gedrite.  Iron  is  present  in  larger  amount,  and  also  aluminium:  it  hence 
corresponds  nearly  to  a  hypersthene.  some  varieties  of  which  are  highly  aluminous. 

Hydrous  anthopJiyllites  liave  been  repeatedly  described,  but  in  most  cases  they  have  been 
shown  to  be  hydniled  monoclinic  amphil)oles. 

Pyr,  etc. — B.B.  fuses  with  difficulty  to  a  black  magnetic  enamel  ;  with  the  fluxes  gives 
reactions  for  iron:  unacted  upon  by  acids. 

Obs. — Anthophyllite o  c^nrs  in  mica  schist  near  Kongsbere  in  Norway;  at  Hermann- 
schlag,  Moravia.    In  the  U.  S. ,  at  the  Jenks  corundum  mine,  Franklin,  Mucon  Co.,  N.  C. 


The  Qilgiaal  fftdrite  is  from  the  nlley  of  Heas.  near  Oidres,  France.    Named  from  antAo- 
phfUum,  clove.  In  bIIusIod  to  tlie  clove-brown  color. 

/S.  Monoelinic  Section. 
AMFHIBOI^.        Horableade. 

Monoclinic.    Axes  A:l:i-.  0-5511 : 1  :  0-2938;  y9  =  73°  58'. 
mm'".  110  A  110  =  56°  46".  rr-.O!!  A  Oil  =  SV  W. 

ea.        001  A  100  =  73°  88'.  u.    081  a  031  =  SO"  33". 

ep.        001  A  iOl  =  31*  0".  pr.  iOl  a  Oil  =  84°  23'. 

Twins:  (1)  tw.  pi.  a,  commou  as  con  tact- twina;  rarely  polyBynthetic.  (2) 
c,  as  tw.  lamellse,  occasionally  producing  a  parting  analogous  to  that  more 
common  with  pyroxene  (Fig.  430,  p.  131).  Crystals  cominoDly  prismatic; 
Qsaally  terminated  by  the  low  clinodome,  r  (Oil),  sometimes  by  r  and  p  (lOl) 
«qually  developed  and  then  suggesting  rhombohedral  forms  (as  of  tourmaline). 
786.  788.  789.  79a 


Alao  columnar  or  fibrona,  coarse  or  fine,  fibers  often  like  fias ;  rarely  lamellar; 
also  granular  massive,  coarse  or  fine,  and  usually  strongly  coherent,  but  some- 
times friable. 

Cleavage:  m  highly  perfect;  a,  b  sometimes  distinct.  Fracture  subcon- 
choidal,  uneven.  Brittle.  H.  =  5-6.  G.  =  2*9-3'4,  varying  with  the  com- 
position. Lnster  vitreous  to  pearly  on  cleavage-f aces ;  fibrous  varieties  often 
Bilky.  Color  between  black  and  white,  through  various  shades  of  green,  inclin- 
ing to  blackish  green;  also  dark  brown;  rarely  yellow,  pink,  rose-red.  Streak 
uncolored,  or  paler  than  color.  Sometimes  nearly  transparent;  usually  snb- 
trannlucent  to  opaque. 

Pleochroism  strongly  marked  in  all  the  deeply  colored  varieties,  as  described 
beyond.  Absorption  usually  c  >  b  >  a.  Optically  — ,  rarely  +.  Ax.  pi.  g  b. 
Extinction -angle  on  b,or  z  /\  i  =  +  15°  to  18°  in  most  cases,  but  varying  from 
about  1°  up  to  37°;  hence  alao  Bx^  A  (^  =  —  75°  to  —  72°,  etc.  See  Fig. 
791.     Dispersion  p  <  v.     Axial  angles  variable;  see  beyond. 

Comp.,  Tar. — In  part  a  normal  metasilicate  of  calcium  and  magnesiam, 
RSiOi,  usually  with  iron,  also  manganese,  and  thus  in  general  analogous  to  the 
pyroxenes.  The  alkali  metals,  sodium  and  potasaium,  alao  present,  and  more 
commonly  so  than  with  pyroxene.  In  part  also  aluminous,  corresponding  to 
the  aluminous  pyroxenea.  Titanium  sometimes  is  present  and  also  rarely 
fluorine  in  small  amount. 

The  Blumlalum  is  In  part  preeeQt  u  NaAI(S10i>i,  but  many  ftmpblboles  conlaiolog 
alumlDium  or  ferric  iron  are  more  basic  than  a  Donnal  mebuillcate;  they  nu>7  tometiraee  be 

«xplalDed  M  coDtalning  R(Al,Fe)i8tOi,  but  the  exact  nature  of  the  compouod  la  oftea 
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doubtful.    The  ampbibole  formulas  are  in  many  cases  double  the  correspondiug  ones  for 

f^yroxene.    Thus,  for  most  tremolite  and  actinolite,  Ca :  Mg(Fe)  =  1:8,  and  heuce  tremo- 
Ite  is  CaMgsSi40ia,  while  diopslde  is  CaMgSi«Oi,  etc. 

Rammelsberg  has  shown  that  the  composition  of  most  aluminous  umphiboles  may  be 
expressed  in  the  general  form  mRSiOa.nAUOs;  while  Scharizer,  modifying  this  view, 

proposes  to  regard  the  amphiboles  as  molecular  compounds  of  Ca(Mg,Fe)sSi40i9  (actino- 

I     II    in 

lite),  and  the  orthosilicate  (Ri,R)sR9Si»0ii.  for  which  he  uses  Breithaupt's  name  syntag- 
matiie,  orighially  given  to  the  Vesuvian  hornblende. 

791.  791a. 


*"5«» 
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The  crystal lographic  position  here  adopted  is  that  suggested  by  Tschermak,  which  best 
exhibits  tne  relation  between  ampbibole  and  pyroxene.  Some  authors  retain  the  former 
position,  according  to  which  p  =  (001),  r  =  (111),  etc.  Fig.  791a  shows  the  corresponding 
optical  orientation. 

I.  Containing  little  or  no  Ahiminium. 

1.  Tremolite.  Grammatite,  nephrite  pt.  Calciuni'maqiiesium  amphihole. 
Formula  CaMg.(SiO,).  =  Silica  57-7,  magnesia  28*9,  lime  13-4  =  100.  Ferrous 
iron,  replacing  the  magnesium,  present  only  sparingly,  up  to  3  p.  c.  Colors 
white  to  dark  gray.  In  distinct  crystals,  either  long-bladed  or  short  and  stout. 
In  aggregates  long  and  thin  columnar,  or  fibrous;  also  compact  granular  mas- 
sive (nephrite,  p.  401).  G.  =  2'9-3'l.  Sometimes  transparent  and  colorless. 
Optically  — .  Extinction-angle  on  ^,  or  c  A  ^  =  +  16°  to  18°,  hence  Bx^  A  i 
=  -  74^  to  -  72°.     2Vy  =  80°  to  88°.      6^  =  1-621 ;  y  -  a  =  0  027. 

Tremolite  was  named  by  Pini  from  the  Tremola  valley  on  the  south  side  of  the  St. 
Gothanl. 

2.  AcTiNOLiTE.  Strahlstein  Germ,  Calchim-magyiesium-iroji  amphibole. 
Formula  Ca(Mg,Fe),(SiO  Jsl  Color  bright  green  and  grayish  green.  In  crystals^ 
either  short-  or  long-bladed,  as  in  tremolite;  columnar  or  fibrous;  granular 
massive.  G.  =  3-3*2.  Sometimes  transparent.  The  variety  in  long  bright- 
green  crystals  is  called  glassy  actiyiolite;  the  crystals  break  easily  across  the 
prism.  The  fibrous  and  radiated  kinds  are  often  called  ashestiform  actinolite 
and  radiated  actinolite.  Actinolite  owes  its  green  color  to  the  ferrous  iron 
present. 

Pleochroism  distinct,  increasing  as  the  amount  of  iron  increases,  and  hence 
the  color  becomes  darker:  c  emerald-green,  b  yellow-green,  a  greenish  yellow. 
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Absorption  c  >  b  >  a  Zillerthal,  Tschermak.  Optically  — .  Extinction-angle 
on  ^,  c  A  (5  =  +  15°  and  Bx.  A  <J  =  -  75^  2Vy  =80";  p<v;  Py  =  1-627; 
y  —  a  =  0025. 

Named  actinolite  from  aKriv,  a  ray,  and  X^oi,  stone,  a  translation  of  the  German 
StrahUiein  or  radiated  stone.    Name  chauged  to  actinote  by  HnUv,  without  reason. 

Nephrite.  Jade  pt.  A  tough,  compact,  flue-gniined  iremolite  (or  actinolite),  breaking 
with  a  spliulery  fracture  and  glistening  luster.  H.  =  6-6  5.  G.  =  2*96-3'l.  Named  from 
a  supposed  efficacy  iu  diseases  of  the  kidney,  from  ve<pp6i,  kidney.  It  varies  in  color  from 
white  (tremolite)  to  dark  green  (actinolite),  in  the  latter  iron  protoxide  being  present  up  to 
6  or  7  p.  c.  The  latter  kind  sometimes  encloses  distinct  prismatic  crystals  of  actinolite.  A. 
derivation  from  an  original  pyroxetiic  mineral  has  been  suggested  iu  some  cases.  Nephrite 
or  jade  was  brought  iu  the  form  of  carved  ornaments  from  Mexico  or  Peru  soon  after  the 
discovery  of  America.  A  similar  stone  comes  from  Eastern  Asia,  New  Zealand  and  Alaska 
See  jadeite,  p.  393;  jade,  p.  894. 

AsBESTUB.  Asbestos.  Asbest  Oerm,  Tremolite,  actinolite,  and  other  varieties  of 
amphibole,  excepting  those  containing  much  alumina,  pass  into  fibrous  varieties,  the  fibers 
of  which  are  sometimes  very  long,  nne,  flexible,  and  easily  separable  by  the  fingers,  and 
look  like  flax.  These  kinds  are  called  asbestus  (fr.  the  Greek  for  incombustible).  The  colors 
vary  from  white  to  green  and  wood-brown.  The  name  amianthus  is  applied  usually  to  the 
finer  and  more  silky  kinds.  Much  that  is  popularly  called  asbestus  is  chrysotile,  or  fibrous 
serpeniine,  containing  13  to  14  p.  c.  of  water.     Byssolite  is  a  stiff  fibrous  variety. 

Mountain  leather  is  in  thin  flexible  sheets,  made  of  interlaced  fibers;  and  mountain  ecrh 
the  same  in  thicker  pieces;  both  are  so  light  as  to  float  on  water,  and  they  aie  often  hydrous^ 
color  white  to  gniy  or  yellowish.  Mountain  uood  is  compact  fibrous,  and  gray  to  brown  in 
color,  looking  a  little  like  dry  wood. 

Smakaodite.  a  thin-foiiated  variety  of  amphibole,  near  actinolite  in  composition  but 
carrying  some  alumina.  It  has  a  light  gi-ass-green  color,  resembling  much  comn  on  green 
diallage.  In  many  cases  derived  from  pyroxene  (diallage)  by  uralitization,  see  below.  It 
retains  much  of  the  structure  of  the  diallage  and  also  often  encloses  remnnnts  of  the  original 
mineral.  It  forms,  along  with  whitish  or  greenish  saussurite.  a  rock  called  saussurite- 
gabbro.  the  euphotide  of  the  Alps.  The  original  mineral  is  from  Corsica,  and  the  rock  is 
the  verde  di  Corsica  duro  of  the  arts. 

Uralite.  Pyroxene  altered  to  amphibole.  The  crystals,  when  distinct,  retain  the 
form  of  the  original  mineral,  but  have  the  cleavage  of  amphibole.  Ihe  change  usually 
commences  on  the  surface,  transforming  the  outer  layer  into  an  aggregation  of  slenr^er 
amphibole  prisms,  parallel  in  position  to  each  other  and  to  the  parent  pyroxene  (cf.  Fig. 
760.  p.  386).  When  the  change  is  complete  the  entire  crysUil  is  made  up  of  a  bundle  of 
amphibole  needles  or  fibers.  The  color  varies  from  white  (tremolite)  to  pale  or  deep  green, 
the  latter  the  more  common.  In  composition  uralite  appears  to  conform  nearly  to  actinolite, 
as  also  in  optical  characters.  The  most  prominent  change  in  composition  in  passing  from 
the  original  pyroxene  is  that  corresponding  to  the  difference  existing  between  the  two  spec  ies 
in  general,  that  is.  an  increase  in  the  magnesium  and  decrease  in  calcium.  The  change, 
therefore,  is  not  strictly  a  case  of  paramorphism,  although  usually  so  designated.  Uralite 
was  originally  describes  by  Rose  in  a  rock  from  the  Ural.  It  has  since  been  observed  from 
many  localities.  The  microscopic  study  of  rocks  has  shown  the  process  of  "uralitization " 
to  be  very  common,  and  some  authors  regard  many  hornblendic  rocks  and  schists  to  repre^ 
sent  altered  pyroxenic  rocks  on  a  large  scale. 

CuMMiNGTONiTE.  Ampliibole  -  Anthophylllte.  Iron  -  Magnesium  Amphibole.  Here 
belong  certain  varieties  of  amphibole  resembling  anthophylllte  and  essentially  identical  with 
it  in  composition,  but  optically  monoclinic.  From  Kongsberg;  Greenland.  The  original 
eummingtonite  is  gray  to  brown  in  color;  usually  fibrous  or  fibro-lamellar,  often  radiated. 
G.  =  31-3-82;  from  Cummington,  Mass. 

Dannbmorite.  Iron- Manganese  Amphibole.  Color  yellowish  brown  to  greenish  gray. 
Columnar  or  fibrous,  like  tremolite  and  asbestus.  Contains  iron  and  manganese.  From 
Sweden. 

GrOneritb.  Iron- Amphibole  Asbestiform  or  lamellar-fibrous.  Luster  silky;  color 
brown;  G.  =  8-713.     Formula  FeSiO.. 

.3.  RiCHTEBiTE.  Sodium-Magnesium-Manganese  Amphibole,  (K,,Na„Mg, 
Ca,Mn),(SiO,),. 

In  elongated  crystals,  seldom  terminated.  G.  =  3-09.  Color  brown,  yellow,  rose- red. 
Transparent  to  translucent,  c  A  <i  =  -f  17'-20';  fij  =  1-63;  y  -a  =  0*024.  From  Pajs- 
berir  and  L&ngban,  Sweden.  Characterized  by  the  presence  of  manganese  and  alkalies  la 
relatively  large  amount. 
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II.  Aluminous. 


4,  Alduinous  Auphibole.  Hornblende.  GontainH  alumina  or  ferric 
iron,  and  uBually  both,  with  ferrous  iron  (Hometimea  manganeHe),  magnesiuin, 
calcium,  and  alkalies.  The  kinds  here  included  range  from  the  light-colored 
edenite,  containing  but  little  iron,  through  the  light  to  dark  green  pargasite,  ■ 
to  the  dark-colored  or  black  hornblende,  the  color  growing  darker  with  increase 
in  amount  of  iron.  ExtinctioD -angle  variable,  from  0"  to  37°,  see  below. 
Fleochroism  strong.     Absorption  usually  c  <  b  <  a. 

Edenite.  Alitminout  Magnttivm-Caleiutn  AmphiboU.  Color  white  to  gnt;  auci  pale 
creeo,  and  also  colorless;  O.  =  3'0-3'059.  Reeeniblei  anlbophyllile  and  tremollte.  Named 
from  tde  localitj  at  Edenvllle,  N.  Y.  To  this  variety  belong  rarioua  pale-colored  amphl- 
boles,  bsTLDg  less  tbao  S  p.  c.  ol  iron  oxides. 

Koktkarovite  Is  a  Tnrlely  from  the  neighborbood  of  L.  Baikal  uaoied  after  the  Russian 
mineralogist.  M.  von  Eoksharov. 

CouutiN  Hornblende,  Paroahitb.    Colon  bright  or  dark  green,  and  bluish  green  to 

frayisb  black  and  black.  O.  =  8*05-8'47.  PaTia*ite  la  usually  made  lo  Include  green  and 
luisb-green  kinds,  occurring  in  slout  liislrous  crystals,  or  granular;  and  Common  horn- 
bltnde  tlie  creenisij  black  and  black  kinds,  whether  in  slout  cry^iials  or  long-bladed, 
columnar,  m>rouB,  or  maaaive  granular.  But  no  line  can  be  dniwn  between  Ihem.  Tlie 
exlinction-angle  on  6.  or  c  a  i  =  +  IS'  to  25'  chiefly.     Absorption  c>  b  >  a. 

Pargaiite  occurs  at  Pargns,  Finland,  iu  bluisb-green  and  grayiab-black  crystals,  c  A  4 
=  +  18°;  /3=l-64;  >'-a  =  0-Oia;  aV  =  69°.  Pleocbroism:  (  greenish  blue;  t  emerald- 
green;  a  gro.  yellow. 

The  dark  brown  lo  black  homhlanda  from  basaltic  and  other  igneous  rocks  vary  some- 
what widely  io  optical  characters.  The  angle  c  a  ^  =  0°  to  +  10°  chiefly;  (1  =  1  '725;  y  — 
a  =  0  072  (mnximum).     Pleochrolam:  c  brown,  \  yellow,  a  yw.  green,  but  variable. 

The  Katafvritt  al  Norway  (BrOgger)  has  c  a  ^  =  SO"  to  60°;  absorplion  b  >  c>  a;  pleo- 
chrolam: c  yellow,  b  violet,  ft  yw,  brown;  it  approiimales  toward  arfvedsooite  (p.  400). 

Kupferitt.  From  a  graplilte  tniue  in  the  Tunkinsk  Mts.,  near  L.  Baikal,  la  a  deep  green 
ampbibole  (aluminous)  formerly  referred  to  antbopbylllle. 

Sj/nCagmatite  is  the  black  hornblende  of  Vesuvius. 

Bergamaakitt  is  an  iron-am phibole  containing  almost  no  magnesia.  From  Monte  Altino, 
Province  of  Bergamo,  Italy. 

Knen-itite  is  a  titatiiferoua  ampbibole  from  Kaetaul,  Umauaka  fiord,  Nortli  Greenland. 

HaiiitignU  (s  an  ampbibole  low  in  silica  and  high  in  iron  and  aoda,  from  Ibe  nepbelite- 
ayenite  of  Duugannon,  Hastings  Co.,  Ontario. 

Pyr— EBaciitially  Ibe  same  as  for  the  corresponding  varieties  of  pyroxene,  see  p.  390. 

dfr.  — DisiLDguIahed  from  pyroxene  (and  tourmaline)  by  its  distinct  prismatic  cleavage. 
yieldinj;  angles  of  5fi°  and  124°.  Fibroua  mid  columnar  forms  are  much  more  common  than 
with  pyroxene,  lamellar  and  foliated  forma  rare  (see  niao  |>p.  390,  398).    Crystals  often  lor  - 
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slemier,  or  bladed,  Diffeta  from  the  fibrous  zeolites  In 
not  gelntiniztni;  with  acids.  Epidotc  baa  a  peculinr 
green  color.  Is  more  fuaible,  and  shows  a  different 
cleavage. 

In  rock  sections  ampbibole  generally  shows  distinct 
^010    colors,  green,  sometimes  olive  or  brown,  and  is  strongly 
pleocliroic.     Also  recognized  by  its  high  relief  ;   gen- 
erally rather  high  interference- colors;  by  tbe  very  i>er- 
fecl  svslein  of  cTeavage-cracka  crossing  nl  angles  of  66° 
and  124°  in  sections  1  I  (Fig.  782).    In  sections  1 6  (010) 
figure  in  convergent  light,  by  showing  tbe  highest  inter- 
,  and  by  having  parallel  cleavage -cracks,  |  i).  'the  extinction -direct  ion  for 
)nililerides  makes  a  small  angle  (13°-15°)  with  tbe  cleavage. cracks  (i.e.,  with  i); 
i»  direction  is  positive  ( (different  from  common  pyroxene  and  sgirite,  cf.  Figs. 
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common  in  limestones,  particularly  mngnesiau  or  dolomitic;  actinoliio  (also  nephrite),  the 
magnesialime-iron  variety,  in  steatitic  rocks  aud  with  serpentine;  and  dark  green  and 
black  hornblende,  in  chlorite  schist,  mica  schist,  gneiss,  aud  in  various  other  rocks  of 
^hich  it  forms  a  oonstituent  part;  brown  to  black  hornblende  occurs  iu  trachyte  and  other 
eruptive  rocks.     Asbestus  is  often  found  in  connection  with  serpentine. 

UornbUnde-rack,  or  amphiboliie,  consists  of  massive  hornblende  of  a  dark  greenish  blacli: 
or  black  color,  and  has  a  granular  texture.  Occasionally  the  green  hornblende,  or  uctino* 
lite,  occurs  in  rock-masses,  as  at  St.  Francis,  in  Canada.  Ilorhblende-selmt  ha9  the  same 
composition  as  amphibolite,  but  is  schistose  or  slaty  in  structure.  It  often  contains  a  little 
feldspar.  In  some  varieties  of  it  the  hornblende  is  in  part  in  minute  needles.  Granite  and 
syenite  often  contain  hornblende,  and  with  diorite  it  is  a  common  constituent.  This  is 
also  true  of  the  corresponding  forms  of  gneiss.  In  these  cases  it  is  usunlly  present  iu  small, 
irregular  masses,  often  fibrous  in  structure ;  also  as  rough  bladed  crystals.  * 

Prominent  foreign  localities  of  amphibole  are  the  following:  I'remolite  (grammutite) 
in  dolomite  at  Campolongo,  Switzerland;  also  at  Orawitza.  Rezb^nya,  Hungary;  GulsjO, 
Wermland,  Sweden.  AetinoUte  in  the  crystalline  schists  of  the  Central  and  Eastern  Alps, 
especially  at  Greiuer  in  the  Zillerthal;  at  ZOblitz  iu  Saxony;  Arendal,  Norway.  AabeitUB  at 
Bterzing,  Zillerthal.  and  elsewhere  in  Tyrol;  in  Savoy;  also  in  the  island  of  Corsica.  Par- 
gasiie  at  Ptirgas,  Finland:  Saualpe  in  Carinthia.  Uornblende  at  Arendal  and  Eongsberg, 
Norway;  in  Sweden  and  Finland;  at  Vesuvius;  Aussig  and  Teplitz,  Bohemia;  etc.  ifephrite^ 
which  in  the  form  of  "  jade  "  ornaments  and  utensils  is  widely  distributed  among  the  relics 
of  early  man  (see  jade,  p.  894),  is  obtained  at  various  points  in  Central  Asia.  The  most 
important  source  is  that  in  the  Earakash  valley  in  the  Kuen  Lun  Mts.  on  the  southern  bor- 
ders of  Turkestan;  also  other  localities  in  Central  Asia.  In  New  Zealand.  Nephrite  has 
been  found  in  Europe  as  a  rolled  mass  at  Schwemmsal  aear  Leipzig;  in  Swiss  Lake  habita- 
tions and  similarly  elsewhere. 

In  the  United  States,  in  Maine,  black  crystals  occur  at  Thomaston;  partite  at  Phipps- 
burg.  In  Vermonty  actinolite  iu  the  steatite  quarries  of  Windham  and  New  Fane.  la 
Mas$.,  tremolite  at  Lee;  black  crystals  at  Chester;  asbestus  at  Pelham;  eutnmingtoniie  at 
Oummington.  In  Conn,,  in  large  flattened  white  crystals  and  in  bladed  and  fibrous  forms 
<tremolite)  in  dolomite,  at  Canaan.  In  N.  York,  Warwick,  Orange  Co. ;  near  Edenville; 
near  Amity;  at  the  Stirling  mines.  Orange  Co.;  in  short  green  crystals  at  Gonvemeur,  St. 
Lawrence  Co.;  with  pyroxene  at  Russell;  a  black  variety  at  Pierrepont;  at  Macomb;  Pit- 
oairn;  tremolite  at  Fine;  in  Hossie,  2  m.  N.  of  Oxbow;  in  large  white  crystals  at  Diana, 
Lewis  Co.;  asbestus  near  Greenwood  Furnace.  In  H,  Jersey,  tremolite  or  gray  amphibole 
in  good  crystals  at  Brvam,  and  other  varieties  of  the  species  at  Fmnklin  and  Newton,  radi- 
ated actinolite.  In  fenn.,  actinolite  at  Mineral  Hill,  in  Delaware  Co.;  at  Unionville;  at 
Eennett,  Chester  Co.  In  Maryland,  actinolite  and  asbestus  at  the  Bare  Hills  in  serpentine; 
asbestus  is  mined  at  Pylesville,  Harford  Co.  In  Virginia,  actinolite  at  Willis's  Mt.,  in 
Buckingham  Co. ;  asbestus  at  Barnet's  Mills,  Fauquier  Co.     Nephrite  occurs  in  Alaska. 

In  Canada,  tremolite  is  abundant  in  the  Laurentian  limestones,  at  Calumet  Falls,  Litch- 
field, Pontiac  Co.,  Quebec;  also  at  Blythfield,  Renfrew  Co.,  and  Dalhousie,  Lanark  Co. 
Black  hornblende  at  various  localities  in  Quebec  and  Ontario  with  pyroxene,  apatite, 
titanite,  etc.,  as  in  Renfrew  Co.  Asbestus  and  mountain  cork  at  Buckingham,  Ottawa  Co., 
Quebec;  a  bed  of  actinolite  at  St.  Francis,  Beauce  Co.,  Quebec;  nephrite  has  been  found 
in  British  Columbia  and  Northwest  Territory. 

GLAUOOPHANl]. 

Monoclinic;  near  amphibole  in  form.  Crystals  prismatic  in  habits  usually 
indistinct;  commonly  massiye,  fibrous,  or  columnar  to  granular. 

Cleavage:  m  perfect.  Fracture  conchoidal  to  uneven.  Brittle.  H.  =  6-6'5. 
G.  =  3*103-3113.  Luster  vitreous  to  pearly.  Color  azure-blue,  lavender-blue, 
bluish  black,  grayish.  Streak  grayish  blue.  Translucent.  Pleochroism 
strongly  marked :  c  sky-blue  to  ultramarine-blue,  b  reddish  or  bluish  violet, 
<t  yellowish  green  to  colorless.  Absorption  c  >  b  >  a.  Optically  +.  Ax. 
pi.  II  6.  c  A  e=  4°  to  6°,  rarely  higher  values.  2Ea.p  =  84**  42'.  /3  =  1-6442 
(gastaldite);  y -£y  =  0-022. 

Comp.— Essentially  NaAl(SiO,),.(Fe,Mg)SiO,.  If  Mg  :  Fe  =  2  :  1,  the 
formula  requires:  Silica  57*6,  alumina  16*3,  iron  protoxide  7*7,  magnesia  8*5, 
soda  9-9  =  100. 
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Oba. — Occurs  ns  the  liornblondic  constituent  of  certain  crystalline  schists,  called  glaueo^ 
phan€'9c?iist8,  or  glaucopbauite;  also  more  or  less  prominent  in  mica  schists,  amphibolites, 
gneiss,  eclogites,  etc.  It  is  often  associated  with  mica,  garnet,  diallage  and  omphncite» 
epidote  and  zoisite,  etc.  First  described  from  the  island  of  Syra,  one  of  tue  Cyclades;  since 
shown  to  be  rather  widely  distributed,  as  on  the  southern  slope  of  the  Alps  {gasUildiU\ 
Corsica,  Japan,  etc.    RhodudU  is  a  fibrous  variety  from  the  Is.  Khodus. 

In  the  U.  8..  glaucophane  schists  have  been  described  from  the  Coast  Ranges  of  Call* 
fornia.  ns  at  Sulphur  Bunk,  Lake  Co. 
.  Glaucophane  is  named  from  yXavKoi,  bluish  green,  and  (patvea^ai,  to  appear. 


Monoclinic.  Axes  a:t:i  =  0-5475  :  1  :  0-2925;  /3  =  76°  10'.  In  embed- 
ded  prismatic  crystals,  longitudinally  striated.  Cleavage:  prismatic  (56*') 
perfect.     Luster  vitreous.     Color  black.     Pleochroism  very  strongly  marked : 

c  green,  b  (=  b)  deep  blue,  a  (nearly  ||  c)  dark  blue.     Optically  — .     Extinc- 
tion-angle  small,  a  A  i  =  4°-5°  (±?).     Axial  angle  large. 

m 

Comp.— Essentially  2NaFe(SiO,),.FeSiO,  =  Silica  50*5,  iron  sesquioxide 
26*9,  iron  protoxide  12-1,  soda  10-5  =  100.  It  corresponds  closely  to  acmite 
(aegirite)  among  the  pyroxenes. 

Obs.— Originally  described  from  the  granite  and  syenite  of  the  island  of  Socotra  in  the 
Indian  Ocean,  120  m.  N.  E.  of  Cape  Guardafui,  the  eastern  extremity  of  Africa:  occurs  in 
groups  of  prismatic  crystals,  of  tea  radiating  and  closely  resembling  tourmaline;  also  in  ^rauo- 
phyre  blocks  found  at  Ailsa  Crug  and  at  other  points  in  Scotland  and  Ireland.  A  similar 
amphibole  occurs  at  Mynydd  Mawr,  Carnarvonshire.  Wales.  Also  another  in  grnnulite  in 
Corsica.  A  so-called  arfvedsonite  from  St.  Peter's  Dome,  Pike's  Peak  region,  K\  Paso  Co., 
Colorado,  occurring  with  astrophyllite  and  zircon,  is  shown  by  Lacroix  to  be  near  riebeck- 
ite.    Exlinction-angle  on  6,  a  A  c  =  3"  to  4*. 

OROCmOLITE.     Blue  Asbestus. 

Fibrous,  asbestus-like;  fibers  long  but  delicate,  and  easily  separable.  Also 
massive  or  earthy.  Cleavage:  prismatic,  56°.  H.  =  4.  G.  =  3*20-3 '30. 
Luster  silky;  dull.  Color  and  streak  lavender-blue  or  leek  green.  Opaque, 
Fibers  somewhat  elastic.  Pleochroism:  c  green,  b  violet,  a  blue.  Optically  +. 
Extinction-angle  on  b,  inclined  18°  to  20°  with  d,      2E  =  95°  approx.      y  —  a 

=  0-025. 

Ill 

Comp.— NaFe(SiO,),.FeSiO,  (nearly)  =  Silica  49*6,  iron  sesquioxide  22-0,. 
iron  protoxide  19*8,  soda  8*6  =  100. 

Magnesium  and  calcium  replace  part  of  the  ferrous  iron,  and  hydrogen  part  of  the 
sodium. 

Pyr.,  etc. — In  the  closed  tube  yields  a  small  amount  of  alkaline  water.  B.B.  fuse* 
easily  with  intumescence  to  a  black  magnetic  glass,  coloring  the  flume  yellow  (soda).  With 
the  tluxes  ^ives  rcjictions  for  iron.     Unacted  upon  by  acids. 

Obs. — Occurs  in  South  Africa,  in  Griqualand-West,  north  of  the  Orange  river,  in  a 
range  of  quartzose  schists  called  the  Asbestos  Mountains.  In  a  micaceous  porphyry  near 
Fmmont,  in  the  Vos^es.  At  Golling  in  Salzburg.  In  the  U.  &.,  at  Beacon  Pole  Hill,  near 
Cumberland.  R.  I.  Emerald  Mine,  Buckingham,  and  Perkiu's  Mill,  Templeiou,  Ottawa 
Co.,  Ontario,  Canada. 

AhHachaniie  is  an  earthy  amorphous  form  occurring  in  the  Abriachnn  district,  near 
Loch  Ness,  Scotland.  Crocidolite  is  named  from  tCfjoKii,  woof,  in  allusion  to  its  fibrous 
structure. 

The  South  African  mineral  is  largely  altered  by  both  oxidation  of  the  iron  and  infiltra- 
tion of  silica,  resulting  in  a  compact  siliceous  stone  of  delicate  fibrous  struciure,  chatoyant 
luster,  and  bright  yellow  to  brown  color,  popularly  calle<l  tiger-eye  (also  cit's-eye  and 
Fascrquarz,  Tigerauge,  Falkeuauge  (liluish  var.)  Germ.),     Many  varieties  occur  forming 
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traositions  from  tbe  origiDal  blue  miDcral  to  the  final  product;  also  varieties  depending 
upon  the  extent  to  which  the  original  mineral  has  penetrated  the  quartz. 

ARFVEDSONim. 

Monoclinic.     Axes  a:h:i  =  0-5569  :  1  :  0  2978  ;  /^  =  73"  2'. 

Crystals  long  prisms,  often  tabular  ||  h,  but  seldom  distinctly  terminated ; 
angles  near  those  of  amphibole;  also  in  prismatic  aggregates.  Twins:  tw.pl.  a. 

Cleavage:  prismatic,  perfect;  h  less  perfect,  rracture  uneven.  Brittle. 
H.  =  6.  u.  =  3 •44-3 '45.  Luster  vitreous.  Color  pure  black;  in  thin  scales 
<ieep  green.  Streak  deep  bluish  gray.  Opaque  except  in  thin  splinters. 
Pleochroism  strongly  marked :  c  deep  greenish  blue,  b  lavender,  a  pale  green- 
ish yellow.  Absorption  c  >  b  >  a;  sections  Q  a  are  deep  greenish  blue,  ||  ftolive- 
^een.     fi  =  1*707;  v  —  a  =  0-027.     Extinction-angle  on  by  with  6,  =  14°. 

Comp. — A  slightly  basic  metasilicate  of  sodium,  calcium,  and  ferrous  iron 
chiefly;  an  analysis  by  Lorenzen  gives: 

G.         8iO,  AliOa  Fe,0,  FeO  MnO  MgO  CaO  Na^O  K,0  H,0 
Kangerdluarsuk  3-44        43-86    445    3-80  88-48  0-45  0%1   465  815  1  0«  015=  lOO'SO 

The  supposed  arfvedsonite  from  Greenland  analyzed  by  von  Eobell,  Rbg.,  etc.,  has 
been  shown  to  be  ajgidte;  that  from  Pike's  Peak,  Colorado,  analyzed  by  Koenig,  has  been 
referred  to  riebeckite. 

Pjrr.,  etc. — B.B.  fuses  at  2  with  intumescence  to  a  black  magnetic  globule;  colors  the 
flame  yellow  (soda);  with  the  fluxes  gives  reactions  for  iron  and  manganese.  Not  acted 
upon  by  acids. 

Obs. — Arfvedsonite  and  amphiboles  of  similar  character,  containing  much  iron  and 
«oda,  are  common  constituents  of  certain  igneous  rock  which  are  rich  in  alkalies,  as  nephe- 
lite  syeuitc,  phonolite,  etc.  Large  and  distinct  crystals  are  found  only  in  the  pegmatite 
veins  in  such  rocks,  as  at  Kangerdluarsuk,  Greenland,  where  the  associated  roiuemls  are 
fiodalite,  eudialyte,  feldspar,  etc.  Arfvedsonite  occurs  also  in  the  nephelite- syenites  and 
related  rocks  of  the  Christiania  region  in  southern  Norway;  on  the  Kola  peninsula  in 
Russian  Lapland;  Dungannon  township,  Ontario;  Trans  Pecos  district,  Texas.  The  re- 
lated brownish  pleochroic  amphiboles  (cf.  barkevikite)  occur  in  similar  rocks  at  Montreal, 
-Canada;  Red  Hill,  New  Hampshire;  Salem,  Mass.;  Magnet  Cove,  Ark. ;  Black  Hills,  So. 
Dakota;  Square  Butte,  Montana,  etc. 

Crossiie  is  a  soda-amphit)ole  near  arfvedsonite  (7*62Na90)  from  a  rock  in  the  neighbor- 
liood  of  San  Francisco. 

Barkevikite.  An  amphibole  near  arfvedsonite  but  more  basic.  In  prismatic  crys- 
tals. Cleavage:  prismatic  (55'*  44J').  G.  =  8  428.  Color  deep  velvet-black.  Pleochroism 
marked,  colors  brownish.  Extinction-anele  with  h  on  b=  12^°.  Occurs  at  the  wOhlerite 
locality  near  Barkevik,  on  the  Langesund  fiord,  and  elsewhere  in  southern  Norway. 


JBnigmatite.  Cossyrite.  Essentially  a  titano-silicate  of  ferrous  iron  and  sodium,  but 
•containing  also  aluminium  and  ferric  iron.  In  prismatic  triclinic  crystals.  Cleavage: 
prismatic,  distinct  (66**).  G.  =  8*74-8  80.  Color  black,  ^nigmatite  is  from  the  sodalite- 
syenite  of  Tunugdliarfik  and  Kangerdluarsuk,  Greenland.  Catsyrite  occurs  in  minute 
•crystals  embedded  in  the  liparite  lavas  of  the  island  Pantellarla  (ancient  name  Cossyra). 


Hexagonal.     Axis  6  =  0'4989. 

Crystals  usually  long  prismatic,  often  striated  vertically,  rarely  transversely; 
distinct  terminations  exceptional.  Occasionally  in  large  masses,  coarse  columnar 
or  granular  to  compact. 

Cleavage:  c  imperfect  and  indistinct.  Fracture  conchoidal  to  uneven. 
Brittle.  H.  =  T'S-S.  G,  =  2-63-2-80;  usually  2-69-2-70.  Luster  vitreous, 
sometime  resinous.    Colors  emerald-green,  pale  green,  passing  into  light  blue^ 
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yellow  and  white;  also  pale  rose-red.  Streak  white.  Transparent  to  subtrans- 
lucent.  Dichroism  more  or  less  distinct.  Optically—.  Birefringence  low» 
Often  abnormally  biaxial,     co  =  1*5820,  e  =  1-5765  aquamarine. 
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Var. — 1.  Bmei'ald.  Color  bright  emerald-green,  due  to  the  preseuce  of  a  little  chro- 
mium ;  highly  prized  as  a  gem  wheu  clear  aud  free  from  flaws. 

2.  Ordinary;  Beryl,  GeueraUy  in  hexagonal  prisms,  aftcn  coarse  and  large  ;  green  the 
common  color.  The  principal  kinds  are :  (a)  colorless;  (h)  bluish  green,  ail  led  aquamarine; 
(e)  apple-green ;  {d)  greenish  yellow  to  iron-yellow  and  honey-yellow  ;  sometimes  a  clear 
bright  yellow  as  in  the  golden  beryl;  («)  pale  yellowish  green;  (/)  clear  sapphire-blue; 
{g)  pale  sky-blue  ;  (/«)  the  pale  violet  or  reddish  ;  («)  the  opaque  brownish  yellow,  of  waxy 
or  greasy  luster.     The  oriental  emerald  of  jewelry  is  emerald-colored  sapphire. 

Comp.— Be,Al,(SiO,),  or   3BeO.Al,0,.6SiO,  =  Silica  67-0,  alumina   19-0^ 
glucina  14-0  =  100. 

Alkalies  (NaaO,  LiaO.  CsaO)  are  sometimes  present  replacing  the  beryllium,  from  025 
to  5  p  c.  ;  also  cheuiically  combined  water,  including  which  the  formula  becomes 
HaBe«AUSi.,037. 

Pyr.,  etc. — 13. B.  alone,  unchanged  or,  if  clear,  becomes  milky  white  and  clouded  ;  at 
a  high   temperature  the  edges  are  rounded,  and  ultimately  a  vesicular  scoria  is  formed. 
Fusibility  =  o*o,  but  somewliat  lower  for  beryls  rich  iu  alkalies.     Glass  with  borax,  clear 
and  colorless  for  beryl,  a  fine  green  for  emerald.     Unacted  upon  by  acids. 

Diflf. — Characterized  by  its  green  or  greenish-blue  color,  gla.ssy  luster  aud  hexagonal 
form  ;  rarely  massive,  then  easily  mistaken  for  quartz.  Distinguished  from  apatite  by  its 
hardness,  not  being  scratched  by  a  knife,  also  harder  than  green  tourmaline  ;  from  chryso- 
beryl  by  its  form  ;  from  euclase  and  topaz  by  its  imperfect  cleavage. 

Obs. — Beryl  is  a  common  accessory  mineral  in  granite  veins,  especially  in  tho.se  of  a 
pegmatitic  character.  Ememlds  occur  in  clay  slate,  in  isolated  crystals  or  in  nests,  near 
Muso,  etc.,  75  ni.  N.N.E.  of  Bogota,  Colombia.  Emeralds  of  less  beauty,  but  larger,  occur 
in  Siberia,  on  the  river  Tokovoya,  N.  of  Ekaterinburg,  embedded  in  mica  schist.  Emeralds 
of  large  size,  though  not  of  uuiform  color  or  free  from  flaws,  have  been  obtained  in  Alex- 
ander Qa)  ,  N.  C. 

Transparent  beryls  are  found  in  Siberia,  India  and  Brazil.  In  Siberia  they  occur  at 
Mursinka  and  Sliaiianka,  near  Ekaterinburg  ;  near  Miask  with  topaz  ;  in  the  mountains  of 
Adun-Chalon  with  topaz,  in  E.  Siberia.  Beautiful  crystals  also  occur  at  Elba;  the  tin 
mines  of  Ehrenfriedersciorf  in  Saxony,  and  Schlackenwald  in  Bohemia.  Other  localities 
are  the  Mourne  Mts.,  Irelaud  ;  yellowish  green  at  Rubislaw,  near  Al)erdeen,  Scotland 
(davidsonite)  ;  Limoges  in  France  ;  Finbo  aud  Broddbo  in  Sweden  ;  Tamela  in  Finland  ; 
Ptitsch-Jo<:h,  Tyrol  ;  Bodeuniais  and  Riibenstein  in  Bavaria ;  in  New  South  Wales. 

In  the  United  States,  beryls  of  gigantic  dimensions  have  been  found  in  N.  Ilamp..  at 
Acworth  and  Grafton,  and  in  Mass..  at  Royalston.  In  Maine,  at  Albany  ;  Norway  ;  Bethel; 
at  Hebron,  a  cajsium  beryl  (CsjO,  3'60  p  c),  associated  with  pollucite  ;  in  Paris,  with  black 
tourmaline  ;  at  Topsham.  pale  green  or  yellowish.  Iu  Mass.,  at  Barre;  at  Goshen  (gosfunite), 
and  at  Chestertield  In  Conn.,  at  Haddam,  and  at  the  Middletown  and  Portland  feldspar 
quarries  ;  at  New  Milford,  of  a  clear  golden  yellow  to  dark  amber  color ;  Branchville.     la 
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Penn.,  at  Leiperville  and  Chester ;  at  Mineral  Hill.  In  Virginia,  at  Amelia  Court-House, 
sometimes  white.  IniV.  Carolina^  in  Alexander  Co.,  near  Stony  Point,  Hue  emenilds ;  in 
Mitchell  Co.:  Morgantou,  Burke  Co.,  and  elsewhere.  In  Alabama^  Coosa  Co.. 'of  u  light 
yellow  color.  In  Colorado,  near  the  summit  of  Mt.  Antero,  beautiful  aquamarines.  In  6. 
Dakota,  in  the  Black  Hills  in  large  crystals. 

Endialyte.  Essentially  a  metasilicate  of  Zr,Fe(Mn),Ca,Na,  etc.  In  red  to  brown 
tabular  or  rhombohedral  crystals  ;  also  massive.  H.  =  5-5*5.  G.  =  2*9-3*0.  Optically  -f  • 
From  Eangerdluarsuk,  West  Greenland,  etc.,  with  arfvedsonite  and  sodalite  ;  at  Lujaor  on 
the  Kola  peninsula,  Russian  Lapland,  in  elseolite-syenite,  there  forming  a  main  cousiitueut  . 
of  the  rock-mass.  Bueolite,  from  islands  of  the  Langesund  fiord  in  Norway,  is  similar  (but 
optically  — ).  Eudialyte  and  eucolite  also  occur  at  Magnet  Cove,  in  Arkansas,  of  a  rich 
crimson  to  peach-blossom  red  color,  in  feldspar,  with  eleeolite  and  aegirite. 

Elpidite.  Na,O.ZrOs.65iOs.3HflO.— Massive,  fibrous.  G.  =  2*54.  Southern  Green- 
land.  

The  following  are  rare  species  of  complex  composition,  all  from  the  Lange- 
sund fiord  region  of  southern  Norway. 

Catapleiite.  H4(Nafl,Ca)ZrSisOn.  In  thin  tabular  hexagonal  prisms.  H.  =  6.  G.  = 
2*8.  Color  light  yellow  to  yellowish  brown.  Natron-catapleiite,  or  soda-catapleiite,  con- 
tains only  sodium  ;  color  blue  to  gray  and  white ;  on  heating  the  blue  color  disappears. 

Oappelenite.  A  boro-silicate  of  yttrium  and  barium.  In  greenish-brown  hexagonal 
crystals. 

Melanocerite.  A  fluo  silicate  of  the  cerium  and  yttrium  metals  and  calcium  chiefly 
(also  B,  Ta.  etc.).     In  brown  to  black  tabular  rhombohedral  crystals. 

Caryocerite.     Near  melanocerite,  containing  ThOi. 

Streenstrupine  (from  Greenland)  is  allied  to  the  two  last-named  species. 

Tritomite.  A  fluo-silicate  of  thorium,  the  cerium  and  yttrium  metals  and  calcium, 
with  boron.     In  dark  brown  crystals  of  acute  triangular  pyramidal  form. 

The  following  are  also  from  the  same  region: 

Leucophanite.  Na(BeF)Ca(SiOs)fl.  In  glassy  greenish  tabular  crystals  (orthorhomblc- 
sphenoidal).     H.  =4.     G.  =  2*96. 

Meliphanlte.  A  fluo-silicate  of  beryllium,  calcium,  and  sodium  near  leucophanite.  Id 
low  square  pyramids  (tetragonal).     Color  yellow.     H.  =  5-5*5.     G.  =  3  01. 


lOLITE.     Cordierite.     Dichroite. 

Orthorhombic.    Axes  d\l:6-  0  5871  :  1  :  0  5585. 

Twins:   tw.  pi.  m,  also  d  (130),  both   yielding  pseudo-hexagonal   forms. 
Habit  short  prismatic  (mm'"  =  60°  50')    (Fig.   299,  ^g^ 

p.  94).     As  embedded  grains;  also  massive,  compact. 

Cleavage:  ft  distinct;  a  and  c  indistinct.  Crystals 
often  show  a  lamellar  structure  ||  c,  especially  when 
slightly  altered.  Fracture  subconchoidal.  Brittle. 
H.  =  7-7-5.  G.  =  2-60-2-66.  Luster  vitreous.  Color 
various  shades  of  blue,  light  or  dark,  smoky  blue. 
Transparent  to  translucent.  Pleochroism  strongly 
marked  except  in  thin  sections.  Axial  colors  variable. 
Thus: 

Bofienmals       c(=  8)  dark  Berlin- blue       b  (=«)  light  Berlin- 
blue     tt  (  =  ^)  yellowish  white 

Absorption  c  (J)  >  b  (a)  >  a  (d).     Pleochroic  halos 
common,  often  bright  yellow ;  best  seen  in  sections  |  i. 
Exhibits  idiophanous  figures.    Optically  — .    Ax.  pi.  |  a.    Bx.  X  c.   Dispersion 
feeble,  p<v.     2V  =  70°  23'  (also  40°  to  84°).     )&,.=  1-549;  ^  -  a  =  0008. 
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Comp,— H,(Mg,Fe),Al.Si„0„  or  H,O.4(Mg,FeO).4Al,O,.10SiO  . 
If  Mg ;  Fe  =  7  :  ^Z,  the  percentage  composition  is:  Silica  49*4,  alumina  33*69 
iron  protoxide  5-3,  m^nesia  10-2,  water  1*5  =  100.    Ferrous  iron  replaces  part 
of  tlie  magnesium.     Calcium  is  i^so  present  in  small  amount. 

P3rr..  etc. — B.B.  loses  transparenev  and  fuses  at  5-5*6.  Only  partially  decomposed  by 
acids.    Decomposed  on  fusion  with  alkaline  carbonates. 

Diff.— Characterized  by  its  vitreous  luster,  color  and  pleochroism;  fusible  on  the  edges 
tinlike  quartz;  less  hard  than  sapphire. 

Recognized  in  thin  sections  by  lack  of  color;  low  refraction  and  low  interference-colors; 
it  is  very  similar  to  quartz,  but  distinguished  by  its  biaxial  character:  in  volcanic  rocks 
4*ommouIv  shows  distinct  crvstal  outlines  and  a  twinning  of  three  individuals  like  nrairon- 
ite.  In  the  gneisses,  etc..  it  is  in  formless  grains,  but  the  common  occurrence  of  inchisions, 
especially  of  sillimanite  needles,  the  pleochroic  halos  of  a  yellow  color  around  small  inclu- 
aions,  particularlv  zircons,  and  the  constant  tendency  to  alteration  to  micaceous  piuite  seen 
along  cleavages,  help  to  distinguish  it. 

Obs. — Occurs  in  granite,  gneiss  {eordiirit&-gnei$$),  homblendic,  chloritic  and  talcose 
flchist,  and  allied  rocks,  with  quartz,  orthoclase  or  albite,  tourmaline,  hornblende,  nndalu- 
site,  sillimanite,  garnet,  and  sometimes  beryL  Less  commonly  in  or  connected  with  igneous 
rocks,  thus  formed  directly  from  the  magma,  as  in  andesite,  etc.;  also  iu  ejected  masses  (in 
fragments  of  older  rocks);  further  formed  as  a  contact-mineral  in  connection  with  eruptive 
dikes,  as  in  slates  adjoininff  granite. 

Occurs  at  Bodenmais,  Bavaria,  In  sranite,  with  pyrrhotite,  etc.;  Orijftrvi,  in  Fiiilnnd 
{t(einheilitB)i  Tiinaberg,  in  Sweden ;  in  colorless  crystals  from  Brazil ;  Ceylon  affords  a 
transparent  variety,  the  tapMr  d'eau  of  Jewelers. 

In  the  U.  8.,  at  Haddam,  Conn.,  associated  with  tourmaline  In  a  granitic  vein  iu  gneiss. 
At  Brimfleld,  Mass. ;  at  Richmond,  N.  H. 

Named  loUte  from  lor,  violet,  and  XtBos,  etons;  DiehrMt  {from  dixpooi,  iteo-colared), 
ftom  ito  dichroism ;  OordierUe,  after  Cordier,  the  French  geologist  (1777-1861). 

The  alteration  of  iolite  takes  place  so  readily  by  ordinary  ezpomire.  that  the  mineral  is 
most  commonlv  found  in  an  altered  state,  or  enclosed  in  the  altered  iolite.  This  change 
may  be  a  simple  hydration  ;  or  a  removal  of  part  of  the  protoxide  Imuks  by  carbon  dioxide ; 
or  the  introduction  of  oxide  of  iron;  or  of  alkalies,  forming  pinite  and  mica.  The  first  step 
in  the  change  consists  in  a  division  of  the  prisms  of  iolite  into  plates  parallel  to  the  base, 
and  a  pearly  folintion  of  the  surfaces  of  these  plates;  with  a  change  of  color  to  grayish  green 
and  greenish  gray,  and  sometimes  brownish  gray.  As  the  niterution  proceeds,  the  foliation 
becomes  more  complete;  afterward  it  may  be  lost.  The  mineral  in  this  altored  condition 
has  many  names:  iis  hydrous  iolite  (incl.  bonsdorfflte  and  auralite)  from  Abo,  Finland; 
fahlunite  from  Falun,  Sweden,  also  pyrargillite  from  Helsingfors;  esmarkite  and  pra^eolite 
from  near  Brevik,  Norway,  also  raumite  from  Raumo,  Finland,  and  pejdolite  from  Rams- 
berg.  Sweden;  eldorophylUte  from  Unity,  Me.;  aepasiolite;  and  polychroilite  from  KragerO. 
There  are  further  alkaline  kinds,  as  pinite^  eatctspiUte,  gigantolite,  iheriUt  belonging  to  the 
Idica  Group. 

The  following  are  rare  lead  and  barium  silicates: 

Barysilite.  PbsSiiOf.  In  embedded  masses  with  curved  lamellar  structure.  Cleav- 
age: basal.  H.  =  8.  G.  =  6'll-6-55.  Color  white;  tarnishing  on  exposure.  From 
the  Ilarstig  mine,  Pajsberg,  Sweden. 

Oanomalite.  PbsSi307.(Ca,Mn)tSi04.  In  prismatic  crvstals  (tetragonal);  also  massive, 
gnuuilar.  H.  =  8.  G.  =  6*74.  Colorless  to  gray.  S'rom  L&ngban,  Sweden;  also 
Jakobsbcrg. 

Hyalotekite.  Approximately  (Pb,Ba,Ca\B9(8i08)ii.  Massive :  coarsely  crystalline. 
H.  =  o-.j^.     G.  =  3*81.     Color  white  to  pearly  gray.    From  L&ngban,  Sweden. 

Barylite.  Ba^ Al 4 Si? 0«4.  In  groups  of  colorless  prismatic  crystals.  H.  =  7.  G.  =  4*08. 
Luster  greasy.     Occurs  with  hcdyphane  in  crystalline  limestone  at  L&ngban,  Sweden. 

Roeblingite.  5(H3CaSi04).2(CaFbS04).  In  dense,  white,  compact,  crystalline  masses. 
H.  =  3.     G.  =  3-488.    From  Franklin  Furnace,  N.  J. 
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in.  OrthosiUcates.    R,SiO,. 

Salts  of  Orthosilicic  Acid,  H.SiO,;   characterized  by  an  oxygen  ratio  of 
1  :  1  for  silicon  to  bases. 

The  following  list  includes  the  more  prominent  groups  among  the  Ortho- 
silicates. 

A  number  of  basic  orlhosilicatea  are  here  included,  which  yield  water  upon  ignition; 
also  others  which  are  more  or  less  basic  than  a  normal  orthosllicate,  but  which  are  of 
necessity  introduced  here  in  the  classification,  because  of  their  relationship  to  other  normal 
salts.  The  Mica  Gboup  is  so  closely  related  to  many  Hydrous  Silicates  that  (with  also 
Talc.  Eaolinite,  and  some  others)  it  is  described  later  with  them. 


Nephelite  Group.     Hexagonal. 
Sodalite  Group.     Isor^  ""trie. 
Helvite  Group.    Isomeiric-tetrahe- 

dral. 
Garnet  Group.     Isometric. 
Chrysolite  Group.     Orthorhombic. 
Pheiiacite  Group.    Tri-rhombohe- 

dral. 


Scapolite   Group.     Tetragonal  -  py- 
ramidal. 
Zircon  Group.     Tetragonal. 
Danburite  Group.     Orthorhombic. 
Datolite  Group.     Monoclinic. 
£pidote  Group.    Monoclinic. 


Nephelite  Group.     Hexagonal. 

Typical  formula  RAlSiO,. 

WepheUte  K,Na,Al.Si,0., 

Soda-nephelite  (artif.)     NaAlSiO^ 
Xuoryptite  LiAlSiO^  Kaliophilite 


i  =  0-8389 


KAlSiO, 


Cancrinite 
Miorosommite 


2(5  =  0  8448 
26  =  0-8367 


H.Na,Ca(NaCO.),Al,(SiOJ, 
(Na,K),,Ca,Al.,Si,,0„SCl, 

The  species  of  the  Nephelite  Group  are  hexagonal  in  crystallization  and 

I 

have  in  part  the  typical  orthosilicate  formula  RAlSiO^.  From  this  formula 
nephelite  itself  deviates  somewhat,  though  an  artificial  soda  -  nephelite, 
NaAlSiO^,  conforms  to  it.  The  species  Cancrinite  and  Microsommite  are 
related  in  form  and  also  in  composition,  though  in  the  latter  respect  some- 
what complex.  They  serve  to  connect  this  group  with  the  sodalite  group 
following. 

NEPHELITE.     Nepheline. 

Hexagonal-hemimorphic  (p.  73).     Axis  6  =  0*83893. 

In  thick  six-  or  twelve-sided  prisms  with  plane  or  modified  summits. 
Also  massive  compact,  and  in  embedded  grains;  structure  sometimes  thin 
columnar. 

Cleavage:  vi  distinct;  c  imperfect.  Fracture  subconchoidal.  Brittle. 
H.  =  5 '5-6.  G.  =  2-55-2'65.  Luster  vitreous  to  gi-easy;  a  little  opalescent 
in  some  varieties.  Colorless,  white,  or  yellowish;  also  when  massive,  dark 
green,  greenish  or  bluish  gray,  brownish  rod  and  brick-red.  Transparent  to 
opaque.     Optically  — .     Indices:  coj  =  1-542,  ey  =  1*538. 
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Var.— 1.  Nephelits,  O^tof^.^-Usnally  lo  small  elassy  cirstalB  or  grains,  traDspurent 
-with  vitreous  luster,  first  found  on  Mte.  Somma.  Characteristic  particularly  of  younger 
eruptive  locks  aud  lavas.  2.  BUxolUe, — In  large  coarse  crvstals,  or  more  comnioulv  mas- 
sive, witii  a  greasy  luster,  and  reddish,  greenish,  brownish  or  gray  in  color.  Usually 
clouded  by  minute  inclusions.    Characteristic  of  granular  ciystalline  rocks,  syenite,  etc. 

Comp.— E,Al,Si,0„;  if  E  =  Na: K  =  3 : 1,  this  is  equivalent  to  3Na  O.K.O* 
4A1.0,.9SiO,  =  Silica  44*0,  alumina  33'2,  soda  15*1^  potash  7*7  =  100.  In  most 
analyses  Na  :  E  =  4 : 1  or  5  :  1. 

Synthetic  experiments,  yielding  cmtals  like  nephelite  with  the  composition  NaAlSi04, 
lead  to  the  conclusion  that  a  natural  soda^nephdlte  would  be  an  orthosilicate  with  this 
formula,  while  the  higher  silica  in  the  potash  varieties  may  be  explained  by  the  presence, 
in  molecular  combination,  of  KAlSiaOt  or  KsO.  Al90s.4SiOs  (=  leucite).  The  other  speciea 
of  the  group  are  nonnalorthosilicates,  viz.,  eucryptiteLiA1Si04,  and  kaliophilite,  KAlSi04» 

Pjrr.,  etc.— B.B.  fuses  quietly  at  8*5  to  a  colorless  glass.    Gelatinizes  with  acids. 

Siff. — Distinguished  by  its  gelatinizing  with  acids  from  scapolite  and  feldspar,  as  also 
from  apatite,  from  which  it  diners  too  in  its  greater  hardness.  Massive  varieties  have  a 
characteristic  greasy  luster. 

Recognized  in  thin  sections  by  its  low  refraction;  verv  low  interference-colors,  which 
scarcelv  rise  to  gray;  parallel  extinction  when  in  crystals;  faint  ne|B[ative  uniaxial  crosa 
yielded  by  basal  sections  in  converging  light.  The  negative  character  is  best  told  by  aid  of 
the  seleuiie  plate  (see  p.  201).  Micro-chemical  tests  serve  to  distinguish  non-characteristic 
particles  from  similar  ones  of  alkali  feldspar;  the  section  is  treat^  with  dilute  acid,  and 
the  resultant  gelatinous  silica,  which  coats  tJie  nephelite  particles,  stained  with  eosine  or 
other  dye. 

Obs. — ^Nephelite  is  rather  widely  distributed  (as  shown  by  the  microscopic  study  of 
rocks)  in  igneous  rocks  as  the  product  of  crystallization  of  a  magma  rich  in  soaa  aud  at  the 
same  time  low  in  silica  (which  last  prevents  the  soda  from  being  used  up  in  the  formation 
of  albite).  It  is  thus  an  essential  component  of  the  nephelite-syenites  ana  phonolites  where 
it  is  associated  with  alkali  feldspars  chiefly.  It  is  also  a  constituent  of  more  basic  augitic 
rocks  such  as  nephelinite,  nephelite-basaUs,  nephelite-tephrites,  theralite,  etc.,  most  of 
which  are  volcanic  in  origin.  The  variety  eUm)lite  is  associated  with  the  granular  plutonic 
rocks,  while  the  name  nspheUU  was  originally  used  for  the  fresh  glassy  crystals  of  the 
modern  lavas;  the  terms  have  in  this  sense  the  same  relative  significance  as  ortboclase  and 
sanidine.     Modern  usage,  however,  tends  to  drop  the  name  eUfolite.  ' 

The  original  nephelite  occurs  in  crystals  in  the  older  lavas  of  Mte.  Somma,  with  mica» 
vesuvianite,  etc.;  at  Capo  di  Bove,  near  Rome;  in  the  basalt  of  Katzenbuckel,  near  Heidel- 
berg: Aussig  in  Bohemia;  L()bau  in  Saxony.  Occurs  also  in  massive  forms  and  large 
coarse  crystals  {eUxolite)  in  the  nephelite-syenites  of  Southern  Norway,  especially  along  the 
Langesund  fiord;  similarly  in  west  Greenland;  the  peninsula  of  Kola;  Miask  in  the  IlmeD 
Mis.  (in  the  rock  miaseite):  Sierra  Moncliique,  Portugal  (in  the  rock  foyaite);  Ditro,  Hun- 
gary (in  tlie  rock  ditroite)\  Pousac,  Prance;  Brazil:  South  Africa. 

Elscolitc  occurs  massive  and  crystallized  at  Litchfield,  Me.,  with  cancrinite;  Salem, 
Mass.;  Red  Hill,  N.  H.;  in  the  Ozark  Mts.,  near  Magnet  Cove,  Arkansas;  cloeolite-syenite 
is  also  found  near  Beemcrsville.  northern  N.  J.:  near  Montreal.  Canada;  at  Dunpaunon 
township,  Ontario,  in  enormous  crystals.  Nephelite  rocks  also  occur  at  various  points,  as 
the  Tninspecos  distr.,  Texas  ;  Pilot  Butte,  Texas  :  also  in  western  N.  America,  as  in  Colo- 
rado at  Cripple  Creek:  in  Montana,  in  the  Crazy  Mts.,  the  Highwood.  Bearpaw  and  Judith 
Mts  :  Black  Hills  in  So.  Dakota;  Ice  River,  British  Columbia. 

Named  nephelite  from  ve^eXyj,  a  cloud,  in  allusion  to  its  becoming  cloudy  when 
immersed  in  strong  acid;  elcBolite  is  from  eXaiov^  oil,  in  allusion  to  its  greasy  luster. 

Gieseckite  is  a  pseudomorph  after  nephelite.  It  occurs  in  Greenland  in  six-sided  green- 
ish-gray ])risins  of  greasy  luster;  also  at  Diana  in  Lewis  Co.,  N.  Y.  Di/ftj/ntribite  from 
Diana  is  similar  to  gieseckite.  as  is  also  liebenerite,  from  the  valley  of  Fleinis,  in  Tyrol. 
See  further  Pinite  under  the  Mica  Grottp. 

Eucryptite.  LiAlSiO*.  In  symmetrically  arranged  crystals  (hexagonal),  embedded 
in  alhite  and  derived  from  the  alteration  of  spodumene  at  Branch vi lie,  Conn,  (see  Fig.  474, 
p.  141).     G.  =  2-667.     Colorless  or  white. 

Kaliophilite.  EAlSiOi.  Phacellite.  Phacelite.  Facellite.  In  bundles  of  slender 
acicular  crystals  (hexaponal),  also  in  fine  threads,  cobweb-like.  H.  =6.  G.  =  2-49d- 
2*602.    Colorless.    Occurs  in  ejected  masses  at  Mte.  Somma. 


SILICATES.  411 


OANORINITII. 


Hexagonal.  Axis  b  =  0-4224;  and  m^^  =  64°,  pp'  =  25°  58'.  Barely  ia 
prismatic  crystals  with  a  low  terminal  pyramid.    Usually  massive. 

Cleavage:  prismatic  (m)  perfect;  a  less  so.  H.  =  5-6.  G.  =  2*42-2 -5. 
Color  white,  gray,  yellow,  green,  blue,  reddish.  Streak  uncolored.  Luster 
subvitreous,  or  a  little  pearly  or  greasy.  Transparent  to  translucent.  Opti- 
cally uniaxial,  negative. 

Comp.— H,Na,Ca(NaCO,),Al.(SiOJ,or3H,0.4Na,O.Ca0.4Al,0,.9SiO,.2CO^ 
=  Silica  38-7,  carbon  dioxide  6*3,  alumina  29*3,  lime  4*0,  soda  17-8,  water  3  9^ 
=  100. 

Pyr.,  etc. — In  the  closed  tube  gives  water.  B.B.  loses  color,  and  fuses  (F.  =  2)  with 
IntiiuiesceDCc  to  a  white  blebby  glass,  the  very  easy  fusibility  distinguish Ing  it  readily  from 
uephelite.  Effervesces  with  hydrochloric  acid,  and  forms  a  jelly  on  heating,  but  not 
before. 

Diff. — Kecognized  in  thin  sections  by  its  low  refraction;  quite  high  inlerference-colors 
and  negative  uniaxial  character.  Its  common  association  with  nephelite,  sodalite,  etc..  are 
valuable  characteristics.  Evolution  of  COi  with  acid  distinguishes  it  from  all  other  min- 
erals except  the  carbonates,  which  show  much  higher  interference-colors. 

Obs. — Cancrinite  occurs  only  in  igneous  rocks  of  the  nephelite-syenite  nnd  related  rock 
groups.  It  is  in  imrt  believed  to  be  original,  i.e.,  formed  directly  from  the  molten  magma; 
m  part  held  to  be  secondary  and  formed  at  the  expense  of  nephelite  by  infiltrating  patera 
holding  calcium  carbonate  in  solution.  Prominent  localities  are  Miask  in  the  Ilmen  Mts.,  ia 
coarse-grniued  nephelite-syenite;  similarly  at  Barkevik  and  other  localities  on  the  Lange- 
sund  fiord  in  southern  Norway;  in  the  parish  of  Enolajftrvi  in  northern  Finland  (where,  asso- 
ciated with  orthociuse,  aegirite  and  nephelite,  it  composes  a  mass  of  caucrinite-syenite);  at 
Ditro.  Transylvania,  etc.;  in  nephelite-syenite  of  Sftrna  and  Aln5  in  Sweden,  and  in  BraziU 
also  in  small  amount  as  an  occasional  accessory  component  of  many  phonolitic  rocks  at 
various  localities. 

In  the  United  Stntes  at  Litchfield  and  West  Gardiner,  Me.,  with  elseolite  and  blue  soda- 
lite.     Named  after  Count  Cancrin,  Russian  Minister  of  Finance. 

Microsommite.  Near  cancrinite;  perhaps  (Na,E)ioCa4Ali9Sii30ftflSCl«).  In  minute 
colorless  prismatic  crystals  (hexagonal).  From  Vesuvius  (Monte  Somma).  H.  =  6^ 
G.  =  2-42-2  53. 

Davyne  is  in  part  at  least  microsommite.    From  Mte.  Somma. 


Sodalite  Group.     Isometric. 

Sodalite  Na,(AlCl)Al,(SiO,). 

Hauynite  (Na„Ca),(NaSO,.Al)Al,(SiO0, 

NoBelite  Na,(NaSO,.Al)Al,(SiO,), 

Laznrite  NaXNaS,.AI)Al,(SiO,). 

The  species  of  the  Sodalite  Group  are  isometric  in  crystallization  and  per- 
haps tetrahedral  like  the  following  group.  In  composition  they  are  peculiar 
(like  cancrinite  of  the  preceding  group)  in  containing  radicals  with  CI,  SO  and 
S,  which  are  elements  usually  absent  ill  the  silicates.  These  are  shown  in  the 
formulas  written  above  in  the  form  suggested  by  Brogger,  who  shows  that 
this  group  and  the  one  following  may  be  included  with  the  garnets  in  a  broad 
group  characterized  by  isometric  crystallization  and  a  close  resemblance  in 
composition.     See  further  under  the  Garnet  Grocp  proper,  p.  414. 

The  formulas  are  also  often  written  as  if  the  compound  consisted  of  a  sili- 
cate and  chloride  (sulphate,  sulphide) — thus  tor  sodalite,  SNaAlSiO^  +  NaCl^ 
etc. 
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IsometriCy  perhaps  tetrahedral.  Common  form  the  dodecahedron.  Twins: 
tw.  pi.  0,  forminjz  nexagonal  prisms  by  elongation  in  the  direction  of  an 
octahedral  axis  (Fig.  368^  p.  123).  Also  massive,  in  embedded  grains;  in 
concentric  nodules  resembling  chalcedony^  formed  from  elsBolite. 

Cleavage:  dodecahedral,  more  or  less  distinct.  Fracture  conchoidal  to 
uneven.  Brittle.  H.  =  5*5-6.  O.  =  2*14-2*30.  Luster  vitreous,  sometimes 
inclining  to  greasy.  Color  gr&yy  greenish,  yellowish,  white;  sometimes  blue, 
lavender-blue,  light  red.  Transparent  to  translucent.  Streak  uncolored. 
^1    ^  1*48**7  H^A. 

Comp.~Na,(AlCl)Al,(8iO  ),  =  Silica  37*2,  alumina  31*6,  soda  256,  chlorine 
7*3  =  101*7,  deduct  (0  =  2C1)  1*7  =  100.  Potassium  renlaces  a  small  part  of 
the  sodium.    The  formula  may  idso  be  written  3NaAlSi04  +  NaCl.  - 

Pyr.,  etc. — Id  the  closed  tube  the  blue  varieties  become  white  and  opaque.  B.B.  fuses 
with  intumesceuce.  at  8*6-4,  to  a  colorless  glass.  Decooipoeed  by  hydrochloric  acid»  with 
aeparation  of  gelatioous  silica. 

Diff.— Recogoized  in  thin  sections  by  its  very  low  refraction,  isotropic  character  and 
lack  of  good  cleavage;  also,  in  most  cases,  by  its  lack  of  color.  Distinguished  from  much 
analcite.  leucite  and  haUynite  by  chemlctil  tests  alone;  dissolving  the  miuenil  in  dilute  nitric 
acid  and  tcstins  for  chlorine  is  the  simplest  and  best 

Obs. — SodaTite  occurs  only  in  igneous  rocks  of  the  nephellte-syenite  and  related  rock 
groups,  either  directly,  as  is  commonly  the  case,  as  a  product  of  the  crystallization  of  a 
matfma  rich  in  soda;  also  as  a  product  associated  with  enclosed  masses  and  bombs  ejected 
with  suih  magmas  in  the  form  of  lava,  as  at  Vesuvius.  Often  associated  with  nephelite 
<or  elsBolite),  cancrinite  and  eudialyte.  With  sanidine  it  form  a  Bodahte-iraekyis  at  Soar- 
Tupata  in  Ischia,  in  crystals.  In  Sicily,  Val  di  Note,  with  nephelite  and  analcite.  At 
Vesuvius,  in  bombs  on  Monte  Somma  in  white,  translucent,  dodecahedral  crystals;  massive 
and  of  a  gray  color  at  the  Eaiserstuhl;  also  near  Lake  Laach.  At  Ditr6,  Transylvania,  in 
an  elieolite-syenite.  In  the  foyaite  of  southern  Portu^.  At  Hiask,  in  the  Ilmen  Mts.; 
in  the  augite-syenite  of  the  Langesund-flord  region  in  Norway.  Further  in  West  Qreen- 
land  in  sodalite-syenite;  the  peninsula  of  Kola. 

A  blue  massive  variety  occurs  at  Litchticld  and  West  Gardiner,  Me.  Occurs  in  the 
theralite  of  the  Crazy  Mts.,  Moiitana;  also  at  Square  Butte,  Higliwood  Mrs.,  and  in  the 
Bearpaw  Mts.,  in  tiiiguuite.  Occurs  also  in  the  elaeolite-syenite  of  Brome,  Brome  Co.,  and 
of  Montreal  and  Belceil,  province  of  Quebec;  at  Dungannon,  Ontario,  in  large  blue  masses 
and  in  small  pale  pink  crystals. 

HAUTNITIl.     Hattyne. 
'    Isometric.     Sometimes  in  dodecahedrons,  octahedrons,  etc. 

Twins:  tw.  pi.  e;  contact-twins,  also  polysynthotic ;  penetration-twins 
(Fig.  367,  p.  123).  Commonly  in  rounded  grains,  often  looking  like  crystals 
with  fused  surfaces. 

Cleavage:  dodecahedral,  rather  distinct.  Fracture  flat  conchoidal  to 
uneven.  Brittle.  II.  =  5*5-6.  G.  =  2'4-3*5.  Luster  vitreous,  to  somewhat 
greasy.  Color  bright  blue,  sky-blue,  greenish  blue ;  asparagus-green,  red, 
yellow.  Streak  slightly  bluish  to  colorless.  Sub  transparent  to  translucent; 
often  enclosing  symmetrically  arranged  inclusions  (Fig.  797).    Uj  =  1*4961. 

Comp.— Na,Ca(NaS04.Al)Al,(Si04),.      This    is  analogous  to  the  garnet 

formula  (Brogger)  where  the  place  of  the  R,  is  taken  by  Na,',  Ca  and  the 

^roup  Na-0-SO,-0-Al.     The  percentage  composition  is:  Silica  32*0,  sulphur 

trioxide  142,  alumina  27-2,  lime  10*0,  soda  16*6  =  100.    The  ratio  of  Ka, :  Ca 

also  varies  from  3:2;  potassium  may  be  present  in  small  amount.      The 

formula  may  also  be  written  2(Na„Ca)Al,(SiOJ,  +  (Na„Ca)S04. 

P3rr.,  etc. — In  the  closed  tube  retains  its  color.  B.B.  in  the  forceps  fuses  at  4*5  to  a 
white  glass.  Fused  with  siKla  on  charcoal  affords  a  sulphide,  which  blackens  silver. 
I>ecomposed  by  hydrochloric  acid  with  sepaiation  of  gelatinous  silica. 


Hte.  Boinma;  at  Helli,  on  Mt.  Vuliur,  Naples;  Id  tbe  Ibvub  oF  ilie  CampogDU,  Kome,  aleo 


Secliou  of  cryalals  of  bnllyQlte  (after  HOhl). 


Id  the  peperfno  near  Albano;  at  NledermeDillg,  Id  tlie  Eifel;  the  pboDolltes  of  Holicot- 
wiel. 

Ho««UU  or  Nosean.  Near  hallynlte,  but  coniainB  little  or  no  lime.  Color  grayisb, 
blulEb,  brownisb:  somellmes  uearly  opnqiie  from  the  preseoce  o(  iiicUisioua  (cf.  Fig,  797). 
Not  uiicommoQ  (d  phonollie.    At  AnueniBCta,  the  teacher  See,  and  elsewhere. 

LAZURITB.    Lapis-Lazuli.    Lusuiite. 

laometric.     In  cubes  and  dodecahedroDS.     Comnionly  massive,  compact. 

Cleavage  :  dodecahedral,  imperfect.  Fracture  uneven.  H.  =  5-5'5, 
G.  =  2-38-2'45.  Luster  vitreous.  Color  rich  Berlin-blue  or  azare-blne,  violet- 
blue,  greenish  blue.     Translucent. 

Comp. — Essentially  Na,(NaS,.AI)Al,(SiO  ),  (Brflgger),  but  containing  also 
in  molecular  combination  haiiyiiite  and  Bodalite.  The  percentage  composition 
of  tbis  ultramarine  compound  is  as  follows:  Silica  317,  alumina  26-9,  soda 
■i7--i,  sulphur  16-9  =  103-9,  or  deduct  (0  =  S)  2-9  =  100. 

Tbe  beterogeneouscharacterof  what  had  loni;  passed  as  a  simple  mineral  under  ibe  name 
lapls-UjiuU  was  shown  by  Fischer  (186B),  Zirkel  (1878).  and  more  fully  by  Vogelsang  (1878). 
The  ordiuar?  nntural  lapis  laiuii  (Laaiirsteiii)  la  sbowD  by  BrOgger  and  BHckslrOm  to  con- 
tain lazurite  or  baDynlte  (sometimes  ctianred  to  a  zeolite),  adiopside  free  from  iron,  ampbl- 
bole  (koksharovlte),  mica  (muscovite).  cnlcitc,  pyrlle:  also  In  some  varieties  tu  relatively 
small  amount  scapolite,  piasioclase,  orlhoclaso  (mlcropertbile?).  apatite,  tltauite,  zircon, 
aud  an  nndeiermiued  mfneral  optically  +  aud  probably  unlazfal.  Regarded  byliiOggeraB 
a  result  of  conWcl  melamorphlsm  in  limestone. 

Pyr.,  oto.— Heated  in  Ihe  closed  tube  gives  off  some  moisture;  the  variety  from  Chill 
glows  with  n  beetle-green  liglit,  but  the  color  of  the  mineral  remains  blue  on  cooling. 
Fuses  eaaily  (8)  with  intumescence  to  a  white  glass.  Decomposed  by  hydrochloric  acid. 
wiib  sepiiratioii  of  gelatinous  silica  and  evoUnion  of  hydrogen  sulphide. 

Oba. — Occurs  in  Badnkshan  in  the  valley  of  tbe  Eokchii.  a  branch  o: 
miles  above  Firgamu.  Also  at  the  south  end  of  L.  Baikal.  '^-" —  '"■  ' 
of  Ovaltc.     In  ejected  masses  at  Moule  Somma.  rare. 

Tlie  richly  oiloreil  varieties  of  lapis  laKuU  are  higlily  esteemed  for  cosily  vases  and  orna- 
meiitnl  furniture;  also  employed  in  the  maiiufaclure  of  mosaics;  and  when  powdered  con- 
stitutes the  rich  and  ilurable  paint  called  ultramarine.  This  bos  been  replaced,  however. 
by  artillcial  ultramarine,  now  an  important  commercial  product. 


Helvito  Group.    Isometric-tetrahedral. 
Helvite  (Mn.Fe),(Mn,S)Be,(SiO.). 

DanaUte  {Fe,Zn,Mn),(  (Zn,Fe),S)Be,{SiO.). 

Enlytite  Bt,(SiO.). 

ZunyHe  (Al{OH,F,Cl),).AI,(SiO.), 

The  Helvitb  Gfionp  includes  several  rare  species,  i>ometrtc-tetrahedraI  in 
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^crystallization  and  in  composition  related  to  the  erpecies  of  the  Sodalite 
<}Bonp  and  also  to  those  of  the  Oabket  Oboup  which  follows : 


Isometrio-tetrahedral.  Commonly  in  tetrahedral  crystals;  also  in  splieri- 
•cal  masses. 

Cleavage:  octahedral  in  traces.  Fractare  uneven  to  conchoidal.  Brittle. 
H.  =r  G-6'd.  O.  =  3*16-3*36.  Luster  vitreous,  inclining  to  resinous.  Color 
honey-yellow,  inclining  to  yellowish  brown,  and  siskin-green,  reddish  brown. 
^Streak  uucolored.    Sub  transparent,    n  =  1*739.     Pyroelectric. 

Comp.— (Be,Mn,Fe),Si,0„S.  This  may  be  written  (Mn,Fe),(Mn,S)Be,(SiO  ), 
^Brdgger),  analogous  to  the  Garnet  Group,  the  bivalent  group  -Mn-S~Mn 
taking  the  place  of  a  bivalent  element,  B,  and  3Be  corresponding  to  2A1,  cf. 
p.  415.    Composition  also  written  3(Be,Mn,Fe),Si04.(Mn,Fe)S. 

Pyr.,  oto.— Fuses  at  8  in  R.F.  with  intumesceoce  to  a  yellowisb-brown  opaque  bead, 
"becoming  darker  in  R.F.  With  the  fluxes  gives  the  manganese  reaction.  Decomposed  bj 
hydrochloric  acid,  with  evolution  of  hydrosen  sulphide  and  separation  of  gelatinous  dlica. 

Oba.— Occurs  at  Schwarzenberg  and  Breitenbruun,  in  Saxony;  at  Kapnik.  Hungary; 
also  in  the  pegmatite  veins  of  the  aiigite-syenite  of  the  Langesund  fiord:  in  the  II men  Mts. 
near  Miask  in  pegmatite.  In  the  U.  8.,  with  spessartite  at  the  mica  mines  near  Amelia 
■Court-House,  Amelia  Co.,  Va.;  etc.  '  Named  by  Werner,  in  allusion  to  its  yellow  color, 
from  IfXtoi,  the  $un. 

Danalite.  (Be,Fe,Zn.Mn)TSiiOii8.  In  octahedrons;  usuallv  massive.  H.  =  6'5-((. 
G.  =  8'437.  Color  flesh-red  to  gray.  Occurs  in  small  ffrains  in  the  Rockport  granite. 
Cape  Ann,  Mass,;  at  the  iron  mine  at  Bartlett,  N.  H.;  El  nso  Co.,  Colorado. 

Snlytite.  BifSiiOn.  Wismuthblende,  Kieselwismuth  0>rm,  Usually  in  minute 
tetrahedral  crystals;  also  in  spherical  forms.  H.  ==  4'5.  G.  =  6*106.  Color  dark  hair- 
brown  to  grayish,  straw-yellow,  or  colorless.  Found  witli  native  bismuth  near  Schnee- 
berg.  Saxony;  also  at  Jobanngeorgenstadt  in  crystals  on  quartz. 

Zimyite.  A  highly  basic  orthodlicate  of  ahiminium,  (Al(OH.F.Cl)t)«Alt8iiOii.  In 
minute  transparent  tetrahedrons.  H.=  7.  0.=  2*875.  From  the  Zufii  mine,  near  Silver- 
ton,  San  Juan  Co.,  and  on  Red  Mountain,  Ouray  Co.,  Colorado. 


4.  Garnet  Group.     Isometric. 
E,R,(SiOJ,  or  3RO.E,0,.3SiO,. 


n  in 


n  n      u  m  m  in 

R  =  Ca,Mg,Fe,Mii.        R  =  Al,Fe,Cr,Ti. 
Garnet 

A.  Grossulabite  Ca,Al,(SiO,)3        D.  Spessartite    Mn,Al,(SiOJ, 

B.  Pybope  Mg.Al,(SiOJ,        E.  Andradite      Ca,Fe,(Si04), 

C.  Almandite       Fe,Al,(SiOJ,  Also    (Ca,Mg),Fe,(SiOJ„ 

Ca.Fe,((Si,Ti)0,). 
F.  Uvarovite      Ca,Cr,(SiO,), 
Schorlomite  Ca.(Fe,Ti),((Si,Ti)0,). 

The  Garnet  Group  includes  a  series  of  important  sub-species  included 
tinder  the  same  specific  name.  They  all  crystallize  in  the  normal  group  of 
the  isometric  system  and  are  alike  in  hahit,  the  dodecahedron  and  trapezo- 
hedron  being  tlie  common  forms.  They  have  also  the  same  general  formula, 
and  while  the  elements  present  differ  widely,  there  are  many  intermediate 
Tarieties.     Some  of  the  garnets  include  titanium,  replacing  silicon,  and  thus 


SILICATES. 


415 


"they  are  connected  with  the  rare  species  schorlomite,  which  probably  also  has 
the  eame  general  formula. 

Closelj  telaled  to  ibe  Qaritet  Oiioup  proper  are  tbe  species  of  tlie  Sodalite  aod  Helvile 
Groups  (p.  411,  p.  41S).  All  are  clianicittixtd  by  Isoinelric  crysialllzaljiin,  aQd  all  are 
OTtbcellicatea,  wiib  similar  cbeiiiical  Btruclure.  Tlius  tlie  Tormula  of  Ibe  Qurnet  Oruup  is 
K,Il,(S10.)i;  to  litis  Sodalite  coiiforma  if  written  Nii,(A.lCI)AI,(SiO.),.  wljere  Ni>,  uml  Ibe 
bivalent  radical  AlCI  are  equlvaleet  to  Ht;  similarly  for  Noaellte  (Hattyuite)  if  Ibu  presence 
of  tbe  lilTiileiit  i;roup  NaSO,-AI  la  assiiiiied. 

In  tbe  Helvile  Group,  wbicli  is  cbaractfrized  by  the  tetraliednil  chamcier  of  tbe  species 
(perhaps  Iroe  also  of  ibe  Bodiililea),  the  cbetiilcal  relalioD  Is  less  close  but  probably  exUla, 
as  exliibited  by  writiug  the  formula  of  Helvile  (Mu,Fe)(Mn,S)Be.(810.)..wbere  the  bivoleot 
group  -S-Mu-S-  eaters,  aud  36e  may  be  regnrded  as  tiikiug  tbe  place  of  2AI. 

OARNBT. 

Isometric.  The  dodecahedron  and  trapezohedron,  n  (311),  tbe  common 
simple  forms;  also  these  in  combination,  or  with  the  hexoctahcdron  s  (331). 
Cubic  and  octahedral  faces  rare.  Often  in  irregular  embedded  grains.  Also 
massive;  granular,  coarse  or  fine,  and  sometimes  friable;  lamellar,  lamellte 
thick  and  bent.     Sometimes  compact,  cryptocrystalline  like  nephrite. 


Parting:  d  sometimes  rather  distinct.  Fracture  subconchoidal  to  uneyen. 
Brittle,  sometimes  friable  when  granular  massive;  very  tough  when  compact 
cryptocrystalline.  H.  =  G'5-7'5,  G.  —  315-4'3,  varying  with  the  composi- 
tion. Luster  vitreous  to  resinous.  Color  red,  brown,  yellow,  white,  apple- 
green,  black;  some  red  and  green,  colors  often  bright.  Streak  wnite. 
Transparent  to  subtrans lucent.  Often  exhibits  anomalous  double  refraction, 
«speciully  grossularite  (also  topazolite,  etc.);  see  Art.  411.  Befractive  index 
Tather  high,  thus  n,  for: 

Grosmiluite  1-7MS.  Pyrope  1-7TT0,  AlmaDdlte  1-7716. 
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II  m 
Comp^  TftT. — An  orthosilicate  having  the  general  formula  R3K,(SiOJ,  or 

3BO.K,Oi.3SiO,.    The  bivalent  element  may  be  calcium,  magnesium,  ferroas 

iron  or  manganese;  the  trivalent  element,  aluminium,  ferric  iron  or  chromium^ 

rarely  titanium;  further,  silicon  is  also  sometimes  replaced  b^  titanium. 

There  are  three  prominent  groups,  and  various  subdivisions  under  each^ 

many  of  these  blending  into  each  other. 

I.  Aluminium  Garnet,  including 

A.  Gbossulabite    Calcium-Aluminium  Garnet       Ca,Al,(SiOJ, 

B.  Pybope  Magnesium-Aluminium  Oarnet  Mg,Al,(SiO J^ 
0.  Almakdite         Iron-Aluminium  Garnet  Fe,Al,(SiOJ, 

D.  Spessabtite        Manganese-Aluminium  Garnet   Mn,Al,(SiOJ^ 

IL  Iron  Oarnet,  including 

E.  Akdradite         Calcium-Iron  Garnet  Ca,Fe,(SiO  J, 
(1)  Ordinary.    (2)  Magnesian.   (3)  Titaniferous.   (4)  Yttriferona* 

III.  Chromium  Oarnet. 

F.  UvABOViTE  Calcium-Chromium  Garnet         Ca,Cr,(Si04)t 

The  name  Gkroet  is  from  the  Latin  granaiiiM,  meaning  Wee  a  grain,  and  directly  from 
pomegranate^  the  seeds  of  which  are  small,  numerous,  ana  red,  in  allusion  to  the  aspect  of 
the  crystals. 

A.  Gbossulabite.  Essonite  or  Hessonite.  Cinnamon-stone.  Calcium^ 
aluminium  Oarnet.  Formula  3CaO.Al,0,.3SiO,  =  Silica  40  0,  alumina  22*7^ 
lime  37*3  =  100.  Often  containing  ferrous  iron  replacing  the  calcium,  and 
feme  iron  replacing  dumininm,  and  hence  graduating  toward  groups  0  and 
E.  G.  =  3*55  to  3*66.  Color  (a)  colorless  to  white;  (b)  pale  green;  (c)  amber* 
and  honey-yellow;  (rf)  wine-yellow, brownish  yellow, cinnamon-brown;  {e)  rose* 
red;  rarely  ( H  emerald-ereen  from  the  presence  of  chromium.  Often  shows 
optical  anomalies  (Art.  411). 

The  original  groasularits  {tnluits  pt.)  included  the  pale  green  from  Siberia,  and  was  so 
named  from  the  botanical  name  for  the  gooseberry;  6.  =8*42-3*72.  Cinnamon^Ume,  or 
eseonite  (more  properly  hessonite),  includea  a  ciuuanion-colored  variety  from  Ceylon,  there 
called  hyacinifi;  but  under  this  name  the  yellow  and  yellowish-red  kinds  are  usually 
included;  named  from  tfaaoav,  inferior,  because  of  less  hardness  than  the  true  hyacintU 
which  it  resembles.  Succinite  is  an  amber-colored  kind  from  the  Ala  valley,  Piedmont. 
Rojnamotite  is  brown. 

Pale  green,  yellowish,  and  yellow-brown  garnets  are  not  invariably  grossularite;  some 
(including  topazolite,  demantoid,  etc.)  belong  to  the  group  of  Calcium-Iron  Garnet,  or 
Andniditc. 

B.  Pyrope.  Precious  garnet  pt.  Magnesium-aluminium'  Garnet,  For- 
mula 3MgO.Al,0,.3SiO,  =  Silica  44-8,  alumina  25-4,  magnesia  29-8  ==  100. 
Magnesia  predominates,  but  calcium  and  iron  are  also  present;  the  original 
pyropo  also  contained  chromium.  G.  =  3*70-3'75.  Color  deep  red  to  nearly 
black.  Often  perfectly^  transparent  and  then  prized  as  a  gem.  The  name 
pyrope  is  from  ttv peon 6?,  fire-like. 

Rhodolite,  of  delicate  shades  of  pale  rose-red  and  purple,  brilliant  by  reflected  lights 
corresponds  in  composition  to  two  parts  of  pyrope  and  one  of  almanditu;  from  Macou  Co.,. 
N.  C. 

C.  Almandite.  Almandine.  Precious  garnet  jpt.  Common  garnet  pt* 
Iron-aluminium  Garnet,  Formula  3FeO.Al,0,.3SiO,  =  Silica  36*2,  alumina 
20*5,  iron  protoxide  43*3  =  100.  Ferric  iron  replaces  the  aluminium  to  a 
greater  or  less  extent.     Magnesium  also  replaces  the  ferrous  iron,  and  thna 
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it  graduates  toward  pjnrope,  cf.  rhodolite  above.  G.  =  3*9-4-2.  Color  fine* 
deep  red,  transparent,  in  precious  garnet:  brownish  red,  translucent  6r  sub- 
translucent,  in  common  garnet;  black,  rart  of  common  garnet  belongs  to 
Andradite, 

Tbe  Alabaudic  carbuncles  of  Pliny  were  so  called  because  cut  and  polished  at  Alabandn. 
Hence  the  name  almundine  or  almandite,  now  iu  use. 

D.  Spessartite.     Spessartine.    Manganese-aluminium  Garnet.    Formula 
SMnO.AljOj.SSiO,  =  Silica  36*4,  alumina  20*6,  manganese  protoxide  43  0  = 
100.     Ferrous  iron  replaces  the  manganese  to  a  greater  or  less  extent,  and 
ferric  iron  also  the  aluminium.      O.  =  4*0-4*3.     Color   dark   hyacinth-red», 
sometimes  with  a  tinge  of  violet,  to  brownish  red. 

E.  Andradite.  Common  Garnet,  Black  Garnet,  etc.  Calcium-iron 
Garnet.  Formula  3CaO.Fe,03.3SiO,  =  Silica  35*5,  iron  sesquioxide  31*5, 
lime  33*0=  100.  Aluminium  replaces  the  ferric  iron;  ferrous  iron,  manga- 
nese and  sometimes  magnesium  replace  the  calcium.  G.  =  3'8-3'9.  Colors 
various:  wine-,  topaz-  and  greenish  yellow,  apple-green  to  emerald -green; 
brownish  red,  brownish  yellow;  grayish  green,  dark  green;  brown;  grayish 
black,  black. 

Named  Andradite  after  the  Portuguese  mineralogist,  d'Andrada,  who  in  1800  described 
and  named  one  of  the  included  subvarieties,  AUochroite.  Chemically  there  are  the  follow- 
ing varieties: 

1.  Simple  Calcium-iron  Oarnet,  in  which  the  protoxides  are  wholly  or  almost  wholly 
lime.  Includes:  (a)  Topazoliie,  having  the  color  and  transparency  of  topaz,  and  also 
sometimes  green;  crystals  of  ten  showing  a  vicinal  hexoctahedron.  Demantoid,  a  grass-green 
to  emerald-green  variety  with  brilliant  diamond-like  luster,  used  as  a  gem.  (6)  Colophonite^ 
a  coarse  granular  kind,  brownish  yellow  to  dark  reddish  brown  in  color,  resinous  in  luster, 
and  usually  with  iridescent  hues;  named  after  the  resin  colophony,  (c)  Melanite  (from 
/teXaS,  blfick),  black,  either  dull  or  lustrous;  but  all  bhick  garnet  is  not  here  included. 
Pyreneite  is  grayish  black  melauite.  (d)  Dark  green  garnet,  not  distinguishable  from  some 
allochroite,  except  by  chemical  trials. 

2.  Manganenan  CaUium-iron  Oarnet.  (a)  Roihoffite.  The  original  allochroite  was  a 
nianganesian  iron-garnet  of  brown  or  reddish-brown  color,  and  of  fine-grained  massive 
structure.  RotJioJUe,  from  L&ugbnn,  is  similar,  yellowish  brown  to  liver-brown.  Other 
common  kinds  ormanganesian  iron-garnet  are  liglit  and  dark,  dusky  green  and  black,  and 
often  in  crystals.  Polyadelphite  is  a  massive  brownish-yellow  kind,  from  Franklin  Furnace^ 
N.  J.  Bredbergite,  from  Sala,  contains  a  large  amount  of  magnesia.  (6)  Aplcme  (properly 
haplome)  has  its  dodecabedral  faces  striated  parallel  to  tiie  shorter  diagonal,  whence  Hatiy 
inferred  that  the  fundamental  form  was  the  cube;  and  as  this  form  is  simpler  than  the 
dodecahedron,  he  gave  it  a  name  derived  from  aVAdo?,  simple.  Color  of  the  original 
aplome  (of  unknowu  locality)  dark  brown;  also  found  yellowish  green  and  brownish  green 
at  Schwarzenberg  in  Saxony,  and  on  the  Lena  in  Siberia. 

3.  Tiianiferoun.  Contains  titanium  and  probably  both  TiOa  and  TijOs;  formula  hence 
8CaO.(Fe.Ti,Al)«0,.3(Si,Ti)0«.     It  thus  graduates  toward  schorlomite.     Color  black. 

4.  Yitr\ferou8  CaUium-iron  Oarnet;  ittergranat.  Contains  yttria  iu  small  amount; 
rare. 

F.  UvAROViTE.  Ouvarovite.  Uwarowit.  Calcium-chromium  Garnets 
Formula  3CaO.Cr,0,.3SiO,  =  Silica  35-9,  chromium  sesquioxide  30*6,  lime 
33*5  =  100.  Aluminium  takes  the  place  of  the  chromium  in  part.  H.  =  7-5. 
G.  =  3'41-3'52.     Color  emerald-green. 

Pjrr.,  etc. — Most  varieties  of  garnet  fuse  easily  to  a  light  brown  or  black  glass;  F.  =  S 
in  almandite,  spessartite,  grossularite,  and  allochroite;  8'5  in  pyrope;  but  uvarovite,  the 
chrome-garnet,  is  almost  infusible,  F.  =  6.  Allochroite  and  almandite  fuse  to  a  magnetic 
globule.  Reactions  with  the  tluxes  vary  with  the  bases.  Almost  all  kinds  react  for  iron; 
strong  manganese  reaction  in  spessartite,  and  less  marked  in  other  varieties;  a  chromiunk 
reaction  in  uvarovite.  and  iu  most  pvrope.  Some  varieties  are  partially  decomposed  by 
acids;  all  except  uvarovite  are  after  Ignition  decomposed  by  hydrochloric  acid,  and  gen- 
erally with  separation  of  gelatinous  silica  on  evaporation.  Decomposed  on  fusion  with 
alkuliuu  carbonates. 


DB8CBIPTITB  MIKEBALOOT. 


DiS. ^Characterized  by  laometrfc  cryttolliiatfoD,  uaually  In  Isolated  cryetuli,  dodecaha- 
draiiB  or  CrapesobodrODs;  nuudve  fonna  rare,  tbeo  mually  granular.  AIm  dUlltigiiiabed  by 
hardness,  vitreous  luster,  aod  Id  Ibe  common  kinds  tbe  funbllliy.  Vetuvlanlte  Tusea  tnora 
eaaity,  slrcon  and  quarix  are  Infusible;  tbe  ip«ciflc  gravity  la  higher  than  for  tourmaltoe, 
from  vrbicb  It  dlQera  in  form;  il  Is  much  haraer  thau  spbalerite. 

Distinguished  Id  tbiu  MCtlons  by  Ita  very  high  relief;  lade  of  cleavage;  Isotropic 
cliaracier;  usually  shows  a  pale  plok  color;  sometimes  not  readily  told  from  some  of  ibe 

Oht.—Qro$ntlaTite  Is  en»ecla]lv  characteristic  of  metamorpiiosed  impure  calcareous 
nicks,  whether  altered  by  local  Igneous  or  general  metamorphic  processes;  it  li  thus 
cniumouly  found  in  tbe  contact  aone  of  Intruded  Igneotisroclu  and  In  the  crystalline  sch lata. 
AlmandiU  Is  characteristic  of  tbe  mica  schists  and  metamorphic  rocks  containing  alumina 
and  Iron ;  It  occuia  also  In  some  Igneous  rocks  as  the  result  of  later  dynamic  aod  metamor- 

fibic  proiieasBB;  It  fornis  with  smaragdlte  the  rock  edoglte.  Pyrope  iBespecially  cbarocter- 
•tlc  o(  sucli  basic  ignooui  rocks  as  are  formed  from  magmas  contalnlug  much  megneila 
and  Iron  with  little  or  no  alkalies,  as  tbe  perldolites.  dunites,  etc.;  hIbo  found  In  the 
serpeullnes  formed  from  these  rocks;  then  often  associated  with  spluel,  cbromi(«,  etc 
Spiuartile  occurs  In  granitic  rocks,  lo  quarlzlle,  In  whetstone  schists  ("  '   '       '    -   ■ 


leucltophyrei,  nephellnltes;  in  siicb  cases  often  tlloDlfer- 
ous  or  associated  with  a  tiianlferous  garnet,  sometimes  In 
zoDiil  Intererowtta;  It  also  occurs  as  n  product  of  contact 
metikmorphlsro.  Daniaatold  occurs  In  serpentlufl.  Otatv- 
vUt  belougs  particularly  with  chromite  In  serpentloet  It 
occurs  also  in  gnuiQlsr  limestone. 

Garnet  crystals  often  contain  inclusions  of  foreign 
matter,  but  only  In  part  due  to  alteration;  as.  vesuvlanlia, 
calclie.  epldote.  quartz  (Fig.  472,  p.  141);  at  times  the 
garnet  iaa  mere  shell,  or  iverimorph,  surrounding  anuoleua 
of  another  species.  A  block  garnet  from  Arendal,  Nor- 
way, contains  both  calclte  and  epldote;  crystals  from 
Tvedestrand  are  wholly  calcite  wllbin,  there  being  but  a 
tbin  crust  uf  garaeL  Crystals  from  East  WotMstock, 
Mniue.  are  dodccabedrous  with  a  thin  shell  of  clnno- 
muQ-stotie  enclosing  calcite;  others  from  Rayroond,  Me., 
abow  sticcesstvc  tnycrs  of  garnet  and  calclte.     Many  such  cases  hnve  lieen  noted. 

Qurnets  ure  often  altered,  thus  to  chlorite.  Berpenilne;  even  lo  limiiiille.  Crystals  of 
pyrope  ai'e  Honiellmes  surrounded  1>y  a  cblorltic  zone  (kelypbiie  of  Sclirauf)  not  homoge- 
neuiiii,  as  sliown  lo  Fig.  804. 

Among  proiiiliieni  foreign  localities  oF  gamcls,  beKldea  those  iilrcady  mentioned,  are  the 
following— GllOBBrLAlui'E;  Pine  ct'niuinwn-JlarM  conies  from  Ceylon;  on  the  Mussn-Alp  In 
the  Ala  vnUvy  in  Piedmont,  with  clinochloru  and  cliopaiilc;  ut  Zcrmalt;  pnleyellowat  Auer- 
bach;  brownish  (romaniov&»)  at  Klmilo  in  Finlund;  hotiey -ytWov  oeia/iedron>  In  Ellm;  pale 
gre<^ni«h  from  ilie  banks  of  tbe  Vjlul  lo  Siberia,  iu  serpentlue  wlUi  visuviniiite:  also  from 
<Jxikl<i»a  and  Orawiiza  in  the  Banat;  with  vesuvianlle  nnd  wollastODite  In  ejected  mosses  at 
Vesuvius:  In  whiieor  colorless  cryslols  in  Tellemark,  in  Norway;  nlso  dark  brown  at  Miidgee, 
New  Soiitb  Wales;  dark  honey-yellow  ai  Oiiailulcozar,  and  clear  pink  or  rose-red  dodeca- 
heilriiiis  nt  Morelos.  Mexico. 

I'vitopE:  In  serpentine  {from  peridotitc)  near  Meronltz  and  tbe  valley  of  Krems,  In 
Biiheiiiin  (used  as  a  gem):  at  ZOblitz  in  Baxony:  in  the  Voages;  In  the  diamond  diggings  of 
Smilli  Africa  ("Cupe  rubies"),  ALUANDiru:  Common  In  gritnilt-,  gneiss,  eclogile,  etc., 
in  many  liH'alilies  in  Saxony,  Sileslu.  elc;  ot  Eppenreutb  near  Hof,  Bavaria;  In  largs 
<i<idei'ji  lied  inns  at  Falun  In  Sweden  :  byacinlh-red  or  brown  In  llie  Zillerlbal,  TyroL 
Preciiiii!)  gurnet  comes  In  Uoe  crysinls  from  Ceylon,  Pegu.  Brlilsh  Iiiilia.  Brasll,  and  Grcen- 
Jiind.  SpESRAnTiTE:  from  AacbaSenbiiig  in  the  Spessart,  Bavaria;  at  St.  Harcel,  Pied- 
mont; iieiir  Chiinteliiubc,  Hauie-Vienne.  etc. 

Andiiadite:  Tbe  beautiful  green  dtma7itoid  or  "UrHlian  emerald  "  occurs  In  tranipHreot 
grvenliib  rolled  pebbles,  also  In  crystsU,  in  tbe  gold  washings  of  NiElml-Tagilsk  in  the  Uial; 
greencryetalsoccurat  Schwarzenberg.  Saxony  ibrnwn  to  green  at  MnrawitzoandDo^nacska; 
vmendii-green  ut  Dobschau;  In  tlie  Alo  valley,  Piedmciiit.  tbe  yellow  to  gn-onisb  lopaaalilt. 
AlUxhroiU,  epplc-greeti  and  yellowish,  occurs  iit  Zeimatt;   black  crystals  {mtlaniU),  also 
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brown,  at  Vesuvius  on  Mte.  Somma;  near  Bareges  in  the  Hautes-Pyrenees  (pyreneite). 
Aplome  occui*s  at  Schwarzenberg  in  Saxony,  in  brown  to  black  crystals.  Other  lo^lities  are 
Pdtschthal,  Tyrol;  L&ngban,  Sweden;  Pitkftranta,  Finland;  Areudal,  Norway.  Uvaroyitb: 
Found  at  Saranovskaya  near  Bisersk,  also  in  the  vicinity  of  Eyshtymsk,  Ural,  in  chromic 
iron;  at  JordansmQhl,  Silesia;  Pic  Posets  near  Venasque  in  the  Pyrenees  on  chromite. 

In  N.  America,  in  Mains,  beautiful  crystals  of  cinnamon-stone  (with  vesuvianite)  occur 
at  Parsonsfield.  Phippsburg,  and  Rumford.  In  N.  Hnmp,,  at  Hanover,  small  clear  crystals 
in  gneiss;  at  Warren,  cinnamon  garnets;  at  Grafton.  Tn  VeitnonU  at  New  Fane,  in  chlorite 
slute.  In  Mitss  ,  in  gneiss  atBrookfield;  in  fine  dark  red  or  nearly  black  trapezohedral 
crystals  nt  Kussell,  sometimes  very  large.  In  Conn  ,  trapezohedrons,  in  mica  slate,  at  Reading 
aud  Monroe;  dodecahedrons  at  Southbury;  at  Haddam,  crystals  of  spessartite.  In  ^.  York, 
brown  crystals  at  Crown  Point,  Essex  Co.;  colopbonite  as  a  large  vein  at  Willsboro,  Essex 
Co.;  in  Middletown,  Delaware  Co..  large  brown  crysl.;  a  cinnamon  variety  at  Amity.  In 
^.  Jersey,  at  Franklin,  black,  brown,  yellow,  red,  and  green  dodecahedral  garnets;  also 
near  the  Franklin  Furusice  (polyadelphite).  In  Penn.,  in  Chester  Co.,  at  Peunsbury,  fine 
<lark  brown  crystals;  near  Enauertown;  at  Chester,  brown;  in  Concord,  on  Green's  Creek, 
resembling  pyrope;  in  Leiperville.  red;  at  Mineral  Hill,  fine  brown:  at  Avondale  quarry, 
fine  hessonite;  uvarovite  at  Woods'  chrome  mine,  Lancaster  Co.  In  Virginia,  beautiful 
transparent  spessartite,  used  as  a  gem,  at  the  mica  mines  at  Amelia  Court-House.  In  N, 
Carolina,  fine  cinnamon-stone  at  Bakersville;  red  ccaruets  in  the  gold  washing  of  Burke, 
^IcDowell,  and  Alexauder  counties;  r?iodolite  in  Macon  Co.;  also  mined  near  Mor^antown 
aud  Warlich,  Burke  Co.,  to  be  used  as  ** emery,"  and  as  "garnet- paper."  In  Kentucky, 
fine  pyro|>e  in  the  peridotite  of  Ellis  Co.  In  Arkansas,  at  Magnet  Cove,  a  titaniferous 
melanite  with  schorlomite.  Large  dodecahedral  crystals  altered  to  chlorite  occur  at  the 
fipurr  Mt.  iron  mine,  Lake  Superior.  In  Colorado,  at  Nathrop.  fine  spessartite  crystals  in 
lithophyses  in  rhyolite;  in  large  dodecahedral  crystals  at  Ruby  Mt.,  Salida.  Chaffee  Co., 
the  exterior  altered  to  chlorite.  In  Aritona,  yellow-green  crystals  in  the  Gila  cafion;  pyrope 
on  the  Colorado  river  in  the  western  part  of  the  territory.  Neto  Mexico,  fine  pyrope  on  the 
Navajo  reservation  with  chrysolite  and  a  chrome-pyroxene.  In  California,  green  with  copper 
ore.  Hope  Valley,  El  Dorado  Co  ;  uvarovite,  in  crystals  on  chromite,  at  New  Idria.  Fine 
•crystals  of  a  rich  red  color  and  an  inch  or  more  in  diameter  occur  in  the  mica  schists  at 
Fort  Wrangell,  mouth  of  the  Stickeen  R.,  in  AUiska, 

In  Canada,  at  Marmora,  dark  red;  at  Grenville,  a  cinnamon-stone;  an  emerald-green 
<;hrome-garnet,  at  Orford,  Quebec,  with  millerite  and  calcite;  fine  colorless  to  pale  olive- 
green,  or  brownish  crystals,  at  Wakefield,  Ottawa  Co.,  Quebec,  with  white  pyroxene, 
honey -yellow  vesuvianite,  etc.,  also  others  bright  green  carrying  chromium;  dark  red  garnet 
iu  the  townships  of  Villeneuve  (spessartite)  and  Templeton. 

Schorlomite.  Probably  analogous  to  garnet,  8CaO.(Fe.Ti),Ot.3(Si,'n}09.  Schorlamit. 
Usually  massive,  black,  with  conchoidal  iracture  and  vitreous  luster.  H.  =:  7-7 '5.  G.  = 
B'Sl-S'SS.    From  Magnet  Cove,  Arkansas. 


Partschinite.  (Mn,Fe)sAlflSisOit  like  spessartite.  In  small  dull  crystals  (monoclinic). 
H.  =  6'5-7.  G.  =  4*006.  Color  yellowish,  reddish.  From  the  auriferous  sands  of  Oldhpiao, 
Transylvania. 

Agricolite.  Same  as  for  eulytite.  Bi4SisOi9,  but  monoclinic.  In  globular  or  semi- 
globular  forms.    From  Johanngeorgenstadt. 


Chrysolite  Group.     R,SiO^.     Orthorhombic. 
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49**  15'       60**  10'       0-4584  :  1  :  0-5793 


49**  24'       61**  25'       0*4600  :  1  :  0-5939 
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The  Chrysolite  Grouf  includes  a  series  of  orthosilicates  of  magnesium, 
calcium,  iron  and  manganese.  Tfae;^  all  crvBtallize  in  the  orthorhombic  system 
vith  but  little  variation  in  axial  ratio.  The  prismatic  angle  is  about  50  ,  and 
that  of  the  unit  brachydome  about  60°;  corresponding  to  the  latter  threefold 
twins  are  observed.  The  type  species  ii  chrysolite  (or  olivine),  which  contains 
both  magnesium  and  iron  m  varying  proportions  and  is  hence  intermediate 
between  the  comparatively  rare  magnesium  and  iron  silicates. 

Ill  form  the  species  of  the  Clirjsolite  Group,  R,BiO,,  are  closely  relntetl  in  ancle  to 
Chrysobery).  BeAliOi;  also  wraewbat  lew  closely  to  ihe  species  of  ibe  Dinapore  Group, 
HiAliOt,  etc.  Cr.  Brffgger.  Zs.  Kryst.,  18,  377,  1»90.  There  is  also  an  interesiiug  relaiioa 
between  the  chrysollies  and  ihe  bumites  (see  p.  448) 


OHRTSOLITB.    Ollvioe.    Peridot. 
Orthorhombic.     Axes  d:h  :i  =  0-46575  :  1 :  0'5i 


dd'.     101  A  iOl  =  103°    6'. 
**,       021  A  021  =    »°    6'. 
*)"',      111  A  111  i    40"    5'. 
JT"      lai  A  iSl  =    78*  13". 
Twins  rare:   tw.  pi.  A  (Oil)  with  cc  =  60° 
f,  penetration -twins,    sometimes    repeated; 
tw.  pi.  w  (013),  the  vertical  axes  crossing  at  an 
angle  of  about  30°,  since  eg  —  33°  41 '.    Crystals 
often  flattened  \  a  oi  b  (cf.  Fig.  62,  p.  27),  less 
commonly  elongated  |  i.     Massive,  compact,  or  granular;  in  embedded  grains. 
Cleavage;  ^  rather  distinct;  a  less  so.    Fracture  conchoidal.   Brittle.   H.  = 
6'5-7.     G.  =  3'27-3'37,  increasing  with  the  amount  of  iron :  3'57  for  hyalosider- 
ite  (30  p.  c.  FeO).    Luster  vitreous.    Colorgreen— commonly  olive-green,  some- 
times brownish,  grayish  red,  grayish  green,  becoming  yyllowish  brown  or  red 
by  oxidation  of  the  iron.     Streak  usually  uncolored.  rarely  yellowish.     Trans- 
parent to  translucent.     Optically  +.     Ax.  pi.  ||  c.     Bs  J.  tt.    Dispersion  p  <  i\ 
weak.     2II^r  =  105°  58'.     /S^  =  1-678.      Birefringence  high,  y  ~  a  =  0-036. 

Var. — Preeidti4. — Of  a  pule  yellowish-greeL  color,  und  tranBpHreiit.     G.  =  3H1.  3  351. 
Occnsionally  seen  In  ninsses  as  large  as  "  a  turkey's  egg,"  but  nsiiully  mucli  smaller, 
has  loug  beet)  brought  fri)m  the  I^vhdI  for  jewelry,  but  the  exact  tucalily  is  not  known. 

Common;   Olivine.^Dark  yellowish  green  lo  olive-  or   botlle-grecn.     G.  =  8-28-3'40. 
Diasemiiinteil  in  crystals  or  grains  iu   basic  igneous  807. 

locks,  basalt  and  basaltic  lavas,  i:ic.     IlyaloiiideriU  ,^ 

Is  a  highly  ferruginous  variety. 

Comp.— (Mg.Fe),SiO.  or  2(Mg,Fe)O.SiO.. 
The  ratio  of  Mg  :  Fe  varies  widely,  from 
16  :  1,  12  -,  1,  etc.,  to  2  :  I  in  hyalosiderite, 
and  hence  passing  from  foeterite  on  the  one 
side  to  fayalite  on  the  other.  No  sharp  line 
can  be  drawn  on  either  side.  Titanium 
dioxide  is  sometimes  present  replacing  silica; 
also  tin  and  nickel  in  minute  quantities. 

Pjrr.,  stc. — B.B.  whitens,  but  is  infusible  in  most 
cases;   hyalosiderlt*  and  other  varieties  rich  in  iron  t=fl*. 

fuse  10  H  black  maenelic  globule:   some  kiiiils  turn 
red  upiin  healing.     With  Hie  fluiic-*  give-^  reacti.'iis  for  iron.     Snine  vnriettes  give  rcaclti 
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for  titniiiuiu  and  msngauese.     Decomposed  bj  hydrochloric  Bad  sulphuric  acid*  with 

sepuruliijQ  of  geliitiuoiis  silica. 

Siff — CbariLclerlzed   by  its  liituBlbilil}r,  the  jellow-greea   color,   granular  fonu  and 

Rucogiiizad  In  thin  secllous  by  lis  high  relier;  lack  of  color;  Us  few  but  marked  rough 
-cleavage-cracks :  liigli  iiiterfereuce-colors,  which  are  usiiallf  the  brilliant  and  pronouuced 
toue*  of  ihe  second  order;   parallel  extlnctfoo:   biaxial  character;   charactertalic  outlines 
808  809.  810. 


<a/^m 


<uBiia1l]r  with  acute  termination  a)  when  in  distinct  crystals  (Figs.  807-809),  Us  trcqueot 
association  with  iron  ore  and  auj^lle,  and  Its  very  common  alteration,  in  a  greater  or  lesser 
degree,  lo  serpeqtine.  the  first  stages  being  marked  by  the  separation  of  iron-ore  grains 
aloLij:  the  lines  of  fracture  (Fig,  810). 

Obs.— CLrysollte  (olivine)  has  two  distinct  methods  of  occurrence:  (a)  in  Igiieous  rocks. 
as  banull,  formed  by  the  crystalliEHtion  of  niaemBB  low  In  allica  and  rich  in  uiaguesiu;  from 
an  accessory  component  in  such  rocks  the  oIlTine  may  increase  In  amouui  until  It  Is  the 
miiin  rock  constituent  a-i  in  the  dunites;  also  ib)  as  the  pmduct  of  metamorpbism  of  certain 
sedimentury  rocks  couliilDing  uuignesln  and  silica,  as  in  Impure  dolomites.  In  tlie  dunites 
aud  peridutileaof  igueuns  origin  the  chrysolite  Is  commonly  associated  with  rhromite,  spinel, 
pympe,  etc.,  which  iire  viilnable  ludications  also  of  the  origin  of  serpentines  derived  from 
olivine.  In  the  metamorphic  rocks  the  above  are  wanting,  and  carlmintcs,  as  dolomite, 
breuunerite,  mngneslte,  etc..  are  Ihe  common  associations;  cbrysolillc  rocks  of  Ihia  latter 
kind  may  also  occur  altered  to  serpenllne. 

Chrysoliic  also  occurs  In  gmias.  rarely  crystals,  embedded  In  some  meteoric  Irons.    Also 

present  in  meteoric  stones,  frequently  In  spherical  forma,  or  chondrules,  ar — ■' -"- 

up  of  a  multitude  of  grains  with  like  (or  unlike)  optical  orientation 
enclosing  glass  between  (Fig.  811). 

Amons  the  more  prominent  localities  are :  Veauviui  in  lava 
and  on  Monle  Sorama  In  ejected  masses,  with  aiiglte.  mica,  etc. 
Observed  in  the  so-cAlled  sinidlne  bombs  at  the  taachcr  See;  at 
Porstlwrs  near  Msyen  in  the  Eifel  nnil  forming  the  Tuasa  of  "olivine 
bombs"  in  the  Dreiser  Weiher  near  Daun  In  Die  samerefrion  al 
Sasbach  iu  the  Kaisersiuhl,  Baden  (IivaltMideriU).  In  Sweden 
with  ore-deposits,  as  al  Lingban,  Pajsberg,  Persberg,  etc.  In 
eerpentine  at  Snariim,  Norway,  in  large  crystals,  themselves 
altered  lo  the  sitme  mineral.  Common  In  the  volcanic  rocks  of 
Sicily,  the  Sandwich  Islands,  the  Azores,  etc. 

In  the  U.  3.,  in  Thelford  and  Norwich,  Vermont,  in  boulders 
Of  coarsely  cr,vst,   basalt,  the  crystals  or  masses  several  Inchea    nh^^^u, 
tlirouith.     In   olivinfiBuhhro  of  WntcTTrtlU    In   tho  WKi.,.  ur,.       l-hrysollte 
N, 


with  sernpntii  f>     nii      'r""i     tne      unvnnir 
chromile;  with  chromite  in  Loudon  Co„"V8.;   In  Lancaster  Co,,     meteorite (X 10  diam. 
Pa,     In   small  clear  olive-green  grains  with  garnet  al  some  poinl«  in  Arizona  and  Ni 
Mexico,     In  basalt  in  Canada,  near  Montreal,  at  Rougemonl  and  Mounts  Roval  and  Mr 
d  in  eruptive  rocks  at  otiier  points. 


tarvllle,  ( 


422  DB8CBIPTIVE   MINERALOGY. 

Alteration  of  chrysolite  often  takes  place  through  the  oxidation  of  the  iron;  the  mineral 
becomes  brownish  or  reddish  brown  and  iridescent.  The  process  may  end  in  leaving  the- 
Cavity  of  the  crystal  filled  with  limouite  or  red  oxide  of  iron.  A  very  common  kind  of 
altemtion  is  to  the  hydrous  magnesium  silicate,  serpentine,  witii  the  punial  removal  of  the 
iron  or  its  separation  in  the  form  of  grains  of  magnetite,  also  as  iron  sesquioxide;  thia^ 
change  has  often  taken  place  on  a  large  scale.     See  further  under  serpentine,  p.  477. 

Chrysolite  is  named  from  ;tPi;(Tj5.  gold,  and  A/19o?.  The  hyalosiderite,  from  5aAo?, 
glass,  and  (Tidrfpoi,  iron.  The  chrgsolWius  of  Pliny  was  probably  our  topaz;  and  his  topaz 
our  chrysolite. 

Iddinqsite.  Prom  the  rock  carmeloite  of  Carmelo  Bny,  California;  a  silicate  resembling 
an  altered  chrysolite,  exact  composition  undetermined.  Orihorhombic,  foliated  and  cleavable. 
G.  =  2-839.     Color  brown. 

The  axial  ratios  of  the  other  members  of  the  Chrysolite  Group  are  given  in  the  table  on 
p.  419.     The  species  are  briefly  characterized  as  follows: 

Montioellite.  CaMgSi04.  Occurs  in  colorless  to  gray  crystals  on  Mte.  Somma ;  iiv 
masses  {hatracUite)  on  Mt.  Monzoni,  Tyrol;  in  crystals  or  grains  in  limestone  at  Magnet 
Cove.  Arkansas.     G.  =  303-3-25. 

Fonterite.  Mg9Si04.  Occurs  in  white  crystals  at  Vesuvius;  in  greenish  or  yellowish 
embedded  grains  at  Bolton,  Mass.  (holtonite).     G.  =  8*21-8  83. 

Hortonolite.  (Fe,Mg,Mn)sSi04.  In  rough  dark-colored  crystals  or  masses.  Occurs  at 
the  iron  mine  of  Monroe,  Oninge  Co.,  N.  Y.     G.  =  8*91. 

Fayalite.  Fe^SiO*.  Prom  the  Mourne  Mts.,  Ireland;  the  Azores;  the  Yellowstone  Park; 
Rockport,  Mass.,  etc.     Crystals  and  massive,  brown  to  black  on  exposure.     G.  —  4'1. 

Knebelite.     (Fe,Mu)aSi04.     From  Dannemora,  and  elsewhere  in  Sweden.     G.  =  41. 

Tephroite.  MnaSi04;  also  with  zinc,  in  the  variety  roepperite.  Prom  Sterling  Hill  and 
Franklin  Furnace,  N.  J.;  also  from  Sweden.     Color  flesh-red  to  ash-gray.     G.  =  4*1. 


Phenacite  Group.     R,SiO^.     Tri-rhombohedral. 

rr'  .  i 

Willemite  Zn,SiO,  64**  30'        0-6775 

Troostite  (Zn,MTi),SiO, 

Phenacite  Be,SiO,  63°  24'        0'6611 

The  Phenacite  Group  includes  the  above  orthosilicates  of  zinc  (man- 
ganese) and  beryllium.  Both  belong  to  the  tri-rhombobedral  group  of  the 
trigonal  division  of  the  hexagonal  system,  and  have  nearly  the  same  rhombo- 
hedral  angle.  The  rare  species  trimerite,  MnSiO,.BeSiO,,  which  is  pseudo- 
hexagonal  (triclinic)  is  probably  to  be  regarded  as  connecting  this  group  with 
the  preceding  Chrysolite  Group. 

The  following  rare  species  are  related : 

Dioptase  H^CuSiO,  Tri-rhombohedral 

FriedeUte    '       H,(MnCl)Mn/SiO,), 
Pyrosmalite        H,((Fe,Mn)Cl)(Fe,Mn)XSiOJ, 

These  species  are  very  near  to  encli  other  in  form,  as  shown  in  the  ahove  axial  ratios: 
they  further  approximate  to  the  species  of  the  Phenacite  Group  proner.  They  are  also 
closely  related  among  tliemsolves  in  composition,  since  thev  are  all  ncid  orthosilicates.  and 
have  the  penei-nl  formula  HjRSiO*  =  HHR4(Si04)4,  where  "{e.g.  for  Friedelite^  in  the  latter 
form  the  place  of  one  hydrogen  atom  is  taken  by  the  univalent  radical  (MnCl). 

WILLEMITE. 

Tri-rhombohedral.     Axis  ^  =  06775;  rr'  =  64°  30';  ee/  =  36°  47'. 

In  hexaofonal  prisma,  sometimes  long  and  slender,  airain  short  and  stout; 
rarely  showing  subordinate  faces  distributed  according  to  the  phenacite  type. 
Also  massive  and  in  disseminated  grains;  fibrous. 

Cleavao:e:  6- easy,  Moresnet;  difficult.  N.  J. :  a  oasv,  N.J.  Fracture  con- 
choidal    to   uneven.      Brittle.      H.  -  5-.5.      G.  =  3-89-4-18.      Luster   vitreo- 


rr' 
54°    5' 

i 
0-534^ 

56°  17' 

0-5624 

53°  49' 

0-5308 

I,  rather  weak.     Color  white  or  greenish  yellow,  when  purest;  apple- 
green,  flesh-red,  grayish  white,  yellowish  brown;   often   dark   brown   when 


Flgt.  812-814.  New  Jersey,    t  (0Tl3),  *  {llSS),  u  (iUS),  x  {8131). 
impure.     Streak  uucolored.     Transparent   to  opaque.     Optically  -|-.     Bire- 
fringence  high. 

Comp.— Zinc  orthoailicate,  Zn.SiO,  or  2ZnO.SiO,  =  Silica  270,  zinc  oxide 
73-0  =  100,  Manganese  often  replaces  a  considerable  part  of  the  zinc  (in 
troostite),  and  iron  is  also  present  in  small  amoant. 

Pyr.,  olo.— B.B.  in  the  forceps  glows  and  fuses  wlUi  difficulty  lo  a  white  eDsmel;  ih« 
varieties  from  New  Jersey  fuse  from  8-B  to  4.  The  powderei)  minerftl  on  cliarcoal  in  R.F. 
gives  a  coming,  yellow  while  hot  and  white  on  cooling,  which,  moistened  with  soliitioD  of 
cobalt,  and  treated  in  O.F.,  is  rolored  bright  greeu.  Wilh  soda  the  coating  is  more  readily 
obtained.     Decomposed  by  hydrochloric  acid  wilh  separation  of  gelftiiuoiis  silica. 

Obs.— From  Allenbevg  uear  Moresnel;  at  Stolberg,  near  Aix-ls-Chanelle.  In  New 
Jersey  at  Uioe  Hill.  Fraiiiilin  Furnace,  and  at  SlerliCK  Hill,  two  miles  disinnt.  Occurs 
with  zlncite  and  frankliiiite.  varying  in  color  from  white  to  pale  honey-yellow  and  light 
grten  to  dark  ash-gray  and  flesh-reo;  sometimes  in  large  reddish  crystals  {trooiiite).  Itere 
at  the  Merrill  mine,  Socorro  Co.,  Hew  Mexico:  also  at  the  Sedalta  mine,  Sallda.  Colo. 
Named  by  Levy  after  William  I.,  King  of  the  Netherlands. 

PHBHAOTTB. 

Tri-rbomboliedral.     Axis  d  =  0-6611;  rr'  =  63°  24'. 

Crystals  commonly  rhombohedral  in  habit,  often  lenticular  in  form,  the 
prisms  wanting;    also  prismatic,  gj^  gjp 

sometimes  terminated  by  the 
rliombohedron  of  the  third  series, 
X  (see  further,  pp.  80^82). 

Cleavage:  n  distinct:  r  im- 
perfect. Fracture  conchoidal, 
lirittle.  H.  =  7-5-8.  G.  =  2-97- 
3-00.  Luster  vitreous.  Color- 
less; also  bright  wine- yellow, 
pale  rose-red;  brown.  Trans- 
parent to  subtranslncent.  Op- 
tically -I-.  ojj  =  1-6540;  c,  = 
1  -6697,  Framont. 

Comp. — Beryllium  orthosili- 
t-ate,  Be.SiO,  or  SBeO.SiO,  = 
Silica  54-45,  glucina  45-55  =  100. 

Pyr..  etc. — Alone  remains  iitialiered 


Florissant.  Colo.  Mt.  Anlero,  Colo  .  Pfd. 

;  fuses  wilh  e«reme  slowness,  unless 
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polverized,  to  a  tnuispftmit  ^sm.  With  nda  affords  a  wUte  enamel;  witli  more,  inta- 
meacvt  anil  becomes  infodble.    Doll  blue  wUb  cobalt  loliiUon. 

Oba. — Occun  at  the  emetald  and  chnraoberjl  mine  of  Takovaja,  85  renti  £.  of  Kka- 
ferinborg:  also  in  the  Ilmen  Mta.,  near  lliaik;  near  FramoDt  in  the  Voeget  Mta^;  at  tbe 
Cemi  del  Mercndo,  Durango,  Mexico. 

In  Colorado,  on  amazou-atooe.  at  T<^)ax  Batte,  near  Florismnt,  16  miles  from  Pik<:'a 
Peak;  also  on  quartz  and  beirl  at  Ml  Antero,  Chaffee  county.  Kamed  from  ^raq, 
4g  dteeitDer,  in  alliudon  to  iu  haTing  been  mirtaken  for  qnaiti. 

TrimniU.  (Mn,Ca),SiO«.Be,8iO«.  In  thkk  tabakr  |yriamatic  ciystals.  peeudo- 
iiezagooal  (triclinic)  in  form  and  angle.  H.  =  6-7.  O.  =  8'474.  Color  salmon-pink  to 
nearly  colorlem  in  small  ciystals.    From  the  Harstig  mine,  Wermland,  Sweden. 


819. 


Uopiase.  HtCu8i04  or  HtO.CuO.8iOi.  Commonly  in  prismatic 
crystals  (««'  =  84*  88|').  Also  in  erf  stalline  aggregates;  massiTe.  Cleav- 
age: r  perfect.  Fracture  concboulal  to  uneren.  H.  =  6.  O.  =  8*S8- 
8  85.    Luster  Titreous.    Color  emerald-green. 

Occurs  in  druses  of  well-defined  crystals  on  quartz,  occupying  seams 
in  a  compact  limestone  west  of  the  hill  of  Altyn-TQbe  in  the  Kirriiese 
Steppes;  in  the  gold  washings  at  sereral  points  in  Siberia;  at  RezMn^-a, 
Hungary.  From  Copiapo,  Chili,  on  quartz  with  other  copper  ores.  In 
Une  crystals  at  the  Mine  Mindouli,  two  leagues  esst  of  Comba,  in  the 
French  Congo  State.  Also  at  the  copper  miues  of  Clifton,  Graham  Co. 
Arizona. 


^ 


:^ 


Fiiedelite.  Ht(MnCl)Mn4Si40i«.  Crystals  commonly  tabular  \c\ 
also  massive,  cleavable  to  closely  compact.  H.  =  4-5.  O.  =  8*07.  Color 
rose-red.    From  tbe  manganese  mine  of  Adervielle,  valine  du  Louroii,  Hautes  Pyrenees. 

Pjrrosnuaite.  Ht((Fe.Mii)Cl)(Fe,Mn)4Si40i«.  Crystals  thick  hezsgonal  prisms  or 
tabulitr:  also  massive,  foliated.  H.  =  4-4*5.  G.  =  $'06-8-19.  Color  blackish  green  to 
pale  liver-brown  or  gray..  From  the  iron  mines  of  Nordmark  in  Wermland;  Dannemora, 
owedeo. 


Scapolite  Group.         Tetragonal-pyramidal. 
Meionite  t  =  0-4393  Mizzonite,  Dipyre        6  =  0-4424 


Wcrnerite       i  =  0-4384 


Marialite 


6  =  0-4417 


Sarcolite       U  =  0-4437 

The  species  of  the  Scapolite  Group  crystallize  in  the  pyramidal  group 
of  the  tetragonal  system  with  nearly  the  same  axial  ratio.  They  are  white  or 
grayish  white  in  color,  except  when  impure,  and  then  rarely  of  dark  color. 
Hardness  — -  5-6*5;  G.  =  2-5-2-8.  In  composition  they  are  silicates  of  alu- 
minium with  calcium  and  sodium  in  varying  amounts;  chlorine  is  also  often 
present,  sometimes  only  in  traces.  Iron,  magnesia,  potash  are  not  present 
iinless  by  reason  of  inclusions  or  of  alteration,  which  last  cause  also  explains 
the  carbon  dioxide  often  found  in  analysis. 

Tlie  Scapolites  are  analogous  to  the  Feldspars  in  that  they  form  a  series 
with  a  gradual  variation  in  composition,  the  amount  of  silica  increasing  with 
the  increase  of  the  alkali,  soda,  being  40  p.  c.  in  meionite  and  64  p.  c.  in 
marialite.  A  corresponding  increase  is  observed  also  in  the  amount  of 
ohlorine  present.  Furthermore  there  is  also  a  gradual  change  in  specific 
gravity,  in  the  strength  of  the  double  refraction,  and  in  resistance  to  acids, 
from  the  easily  decomposed  meionite,  with  G.  =  3-72,  to  marialite,  which  is 
only  slightly  attacked  and  has  G.  =  2*63.     Tschermak  has  shown  that  the 
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variation  in  compoBition  may  be  explained  by  the  assumption  of  two  funda- 
mental end  compounds,  viz.: 

Meioiiito  Ca.Al.Si,0„  Me 

Marialite  ^XAI,Si,0,.Cl  Ma 

Hy  the  isoniorphous  combination  of  tliese  compoundB  the  composition  of 
the  species  mentioned  above  may  be  explained;  no  sharp  line  can,  howerer, 
.  be  drawn  between  them. 

Optically  ihe  merits  iicliaracteriEcil  I ly  tbe  decrease  in  the  atreogtb  of  the  double  refrtc- 
lion  ID  piiBtiiiig  fniiii  meiotiilu  to  msriallte.  Tlius  (Lacroix)  for  mdonlte  m  —  e  =  0  086i 
for  lypiciil  wemerlie  008-002;  tor  dlpyro 0 015. 

The  tetragonal  species  melilite  and  gehlenite  are  near  the  Scapolites  in 
angle.     The  more  common  vesnvianite  is  also  relitted. 


MBIONTTII. 

In  prii 
«ither  clear  and  glassy  or  milky  white;  also  in  crystalline  grains  and  massive. 
Cleavage:  a  rather  perfect,  m  somewhat  less  so.  Fracture  conchoidal. 
Brittle.  II.  =  5'5-6  G.  =  2'70-2"74.  Luster  vitreous.  Colorless  to  white. 
Transparent  to  translucent;  often  cracked  within.  Optically  — .  Double 
refraction  weak.     Indices,  Dx.:  oj,  =  1'594;  e,  =  l'o58. 

Comp.— Ca.Al,Si,0„  or  4Ca0.3AI,0,.6SiO,  =  Silica  405,  alumina  34-4, 
lime  25  1  =  100. 

The  varieties  [iiclu<lcd  licre  raage  from  aearly  pure  nieiouite  to  tliose  coiisisliog  of 
neloulte  iind  iiinrinlite  iu  lUc  ratio  of  it :  1,  i.e..  Me  :  Ma  =  8:1.  No  sharp  Hue  cnn  be 
drnwn  l«i\vt-i'ii  ineioiiiic  aud  the  tollowing  species. 

Obi.— Occurs  in  small  crystals  in  cavities,  usually  Id  llmeslone  blocks,  on  Moots 
Somma.     Alsii  in  ejecleil  masses  at  ilie  lyncher  Bee. 


WBRKERrrB.    Common  Scapoi.itg. 

Tetragonal-pyramidal.     Axis  i  =  0'4384, 

Crystals  prismatic,  usually  coarse,  with  uneven  faces  and  often  large.  The 
symmetry  of  the  pyramidal  group  sometimes  shown  in  the  development  of  the 
faces  z  (31 1)  and  2,(1^1).  Also  massive,  granular,  or  with  a  faint  fibrous 
appearance;  sometimes  columnar. 

«".      101  aOU  =33''59',  820.  P3I. 

i-K.  Ill  A  in  =  43- 45'. 
mr.  110  A  111  =58°  12". 
K/".  311  A  311  =  29°  48-. 

Cleavage:  rt  and  vt  rather  distinct, 
bnt  interrupted.  Fracture  subcon- 
choid.il.  Brittle.  H.  =  5  -  6.  G.  = 
2'(iG-3-T3.  Lnster  vitreous  to  pearly 
externally,  inclining  to  resinous;  cleav- 
age and  cross -fracture  surface  vitreous. 
Color  white,  gray,  bluish,  greenish,  and 
reddish,  usually  light;  streak  uncolored.  Transparent  to  faintly  subtrans- 
hicent.  Optically  — .  Birefringence  weak.  Indices:  a>r  =  1'566,  e^  =  1-545 
Areiulal. 

Comp,,  Tar. — Intermediate  between  meionite  and  marialite  and  correspond- 
ing to  a  molecular  combination  of  these  iu  a  ratio  3  : 1  to  1:2.     The  silica 
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Taries  from  46  to  54  p.  c,  and  as  its  amount  increases  the  soda  and  chlorine 
also  increase.     Scapolites  with  silica  from  54  p.  c.  to  60  p.  c.  are  classed  with 
mizzonite;  they  correspond  to  Me  :  Ma  from  1  :  2  to  1 :  3  and  upwards. 
The  percentage  composition  for  a  common  compound  is  as  follows: 

Me:Ms8:l       810.  4610       A1.0.  80'48      CaO  1910       Ka.0  8*54       a  1-01  =  100-28 

Pyr.,  oto. — B.B.  fuses  essily  with  intumescence  to  a  white  blebby  glass.  Imperfectly 
decomposed  by  hydrochloric  add. 

IH£— Characterized  by  its  square  form  and  prisnuitic  deavage  (90*);  resembles  feldspar 
when  maasiTe,  but  has  a  characteristic  fibrous  appearance  on  the  cleavage  surface:  it  is  alao 
more  fusible,  and  has  a  higher  specific  gravity ;  also  distinguished  by  fusibility  with  intu- 
mescence from  pyroxene  (wh.  see,  p.  887). 

Recognized  in  thin  sections  by  its  low  refraction;  lack  of  color;  rather  high  interference- 
colors  reaching  the  yellows  and  reds  of  tbe  first  order,  sections  showing  which  eztingui^ 
parallel  to  the  cleavage;  by  the  distinct  negative  axial  cross  of  basal  sections  which  show 
the  cleavage-cracks  crossing  at  right  angles. 

Oba.— Occurs  iu  nietamorphlc  rocks,  and  most  abundantly  in  granular  limestone  near 
its  Junction  with  the  associated  granitic  or  allied  rocks;  sometimes  in  beds  of  nuignetite 
accompanyiue  limestone.  It  is  often  associated  with  a  ligh^colored  pyroxene,  amphibole» 
garnet,  and  also  with  apatite,  titanite,  zircon;  amphibole  is  a  less  common  associate  than 
pyroxene,  but  in  some  cases  has  resulted  from  the  alteration  of  pyroxene.  Scapolite  has 
i)een  shown  also  to  be  frequently  a  component  of  basic  igneous  rocks»  especially  those  rich 
in  plagioclases  containing  much  lime;  it  is  regarded  as  a  secondaiy  product  through  a 
certain  kind  of  alteration. 

Prominent  localities  are  at  Parsas,  Finland,  where  it  occurs  in  limestone;  Arendal  in 
Norway,  and  MalsJO  iu  Wermlana,  where  it  occurs  with  mi^etite  in  limestone.  Bm- 
9auUe  is  from  Obernzell,  near  Pbssau,  in  Bavaria.  The  pale  blue  or  gray  scapolite  from 
L.  Baikal,  Siberia,  is  called  glaucolite.  In  tbe  U.  8.,  occurs  in  Vemumi,  at  Marlborough^ 
massive.  In  Mau,,  at  Bolton;  at  Chelmsford.  In  y,  York,  in  Orange  Co.,  Essex  O)., 
Lewis  Co. ;  Orasse  Lake,  Jeiferson  Co. ;  at  Gk)uvemeur,  in  limestone.  In  if.  Jertejf,  at 
Franklin  and  Newton.    In  Penn,,  at  the  Elizabeth  mine,  French  Creek,  Chester  Co. 

In  Canada,  at  G.  Calumet  Id.,  massive;  at  Grenville;  Templeton;  Wakefield,  Ottawa 
Co.    Scapolite  rocks  occur  nt  several  points. 

Mizzonite.  Dipyre.  Here  are  included  scapolites  with  54  to  57  p.  c.  SiO«.  correspoud- 
ing  tea  molecular  combination  from  Me  :  Ma  =  1 :  2  to  Me :  Ma  =1:8.  Mitzonite  occurs 
iu  clear  crystals  in  ejected  masses  on  Mte.  Somma. 

Dipyre  occurs  in  elongated  square  prisms,  often  slender,  sometimes  large  and  coarse,  Iq 
limestone  and  crystalline  schists,  clneny  from  tlie  Pyrenees;  also  in  diorite  at  Bamie,  Nor- 
way; Saint-Nazaire,  France;  Algeria.  Couseranite  from  the  Pyrenees  is  a  more  or  less 
altered  form  of  dipyre. 

Marialite.  Theoretically  Na4AlaSi90«4Cl,  see  p.  425.  The  actual  mineral  corresponds 
to  Me  :  Ma  =  1:4.     It  occurs  in  a  volcanic  rock  called  piperno,  at  Pianura,  near  Naples. 

Saroolite.  (Ca.Naa),AU(8i04)s.  In  small  tetragonal  crystals.  H.  =6.  G.  =  2*545- 
2  082.     Color  flesh-red.    From  Monte  Somma. 


MELIIilTXl. 

Tetragonal.  Axis  6  =  0'4548.  Usually  in  short  square  prisms  (a)  or 
octagonal  prisms  (a,  m),  also  in  tetragonal  tables. 

Cleavage:  c  distinct;  a  indistinct.  Fracture  conchoidal  to  uneven. 
Brittle.  II.  =  5.  G.  =  2*9-3'10.  Luster  vitreous,  inclining  to  resinous. 
Color  white,  pale  yellow,  greenish,  reddish,  brown.  Pleochroism  distinct  in 
yellow  varieties.  Sometimes  exhibits  optical  anomalies.  Optically  — .  Bire- 
fringence low.     Indices: 

Ilumboldtilite      oor  =  1*6812      ooy  =  1-6339      e,  =  16262      ey  =  1C291  Henniger 


II    III 


Comp.— Perhaps  R  R^Si.O,.  or  Na,(Ca,Mg)„(Al,Fe),(SiO,).  for  melilite. 
If  Ca  :  Mg  =  8  :  3,  and  Al  :  Fe  =  1:1,  the  percentage  composition  is:  Silica 
377,  alumina  7-1,  iron  eesquioxide  11*2,  lime  31*3,  magnesia  8'4,  soda  4*3  = 
100.     Potassium  is  also  present. 


BILICATRS.  437 

Ptt..  cto. — B.B.  fuses  &t  8  to  a  yetlowisb  or  ereenlsh  glasa.  Wltb  the  fluxes  rends  for 
Iron.     Decomposed  by  bydrocbloric  ttcld  wltb  geLtlinization. 

Dl£— DlstlDgulshed  m  lliia  sections  bj  Us  moderate  refiaclion;  very  low  inlerferenc«> 
colors,  sbowlDg  ofteu  tbe"utfra  6£u«"  (Capo  dl  Bove);  par&llel  extinction:  afgative  cbar- 
acter;  usual  deTeloDineni  In  tables  parallel  lo  tlie  base  aiid  very  commoD  "peg  siniciure" 
due  to  parallel  rod-lf  ke  incluaioos  peoetratlng  tbe  crystal  from  I  lie  basal  planes  iu  ward:  tbls^ 
bowever,  is  aot  always  easily  seen. 

Obi, — HelilUe  is  a  componeiit  of  certain  Igneous  rocks  formed  froin  magmas  very  low 
Id  silica,  ratber  de^cienC  in  alkalies,  and  contaiuiog  cousidemble  Uuie  and  ulumlou.  lu 
sucb  cases  melillte  appears  to  crystallize  In  the  place  of  tlie  mure  acid  pla^oclsse. 

MelUite  of  yellow  and  brownish  colors  la  found  at  Cnpo  di  Bove,  near  Rome.  In  tencito- 
pbjre  wilb  nephelite,  augile.  hornblende:  at  Yeanvlus  In  dull  yellow  crystals  ItomerrUiitey, 
not  uncommon  in  certain  basic  eruptive  rocks,  as  tbe  meUUte-batatU  of  Hocbbohl  near  Oweu 
In  WQrttemberK,  of  tbe  Scbwabian  Alb,  of  Gfirlitz,  tbe  Krzgebirge;  also  in  the  iiephellle 
basalts  of  the  Hegau.  of  Oabu,  Sandwich  Islands,  etc.;  perovsklle  la  a  common  associate. 
Common  Id  furnace  slags.     Melillte  Is  named  from  uiki,  honey,  in  allusion  to  the  color. 

SumbotdtUiU  occurs  In  cavernous  blocks  on  Moute  Soranm  wltb  greenish  mica,  also 
apatite,  augite:  the  crystals  are  often  rarber  Inrge,  and  covered  with  a  calcareous  coatlDg; 
less  common  In  transparent  lustrous  crystals  with  uepbellle,  ssrcolile,  etc.,  in  an  augitlo 
rock.     Zurlite  is  Impure  bumboldtillle. 

Oehlenita,  CaiAl.Si.O.g.  Crystals  usually  short  square  prisms.  Axis  i  =  0-4001. 
G.  =  2-9-8'OT.  Different  shades  of  grayish  green  to  liver-broWD.  From  Mount  Momonf^ 
In  the  FassBthal,  In  Tyrol. 


VHSUTIANTTB.    Idoerase. 
TetragODal.     Axis  i  =  0-5372. 

et,  001  A  101  =  W  ly. 

ep,  001  Alll  =  8T13i'. 

ct.  001  A  881  =  ee-  18'. 


pp',  111  A  111  = 
«»'",  811  A  3ll  = 


Often  in   crystals,  prismatic  or    pyramidal.      Also  massive;    colnmnara 
Btraight  and  divergent,  or  irregular;  granular  masBive;  cryptocrystalline. 


OiaCBIPTITE   KISEKALOdT. 

J»:  ■«  not  vetj  distinct;  a  and  c  (till  les  so.     Fractnre  snbcon- 

«b«idsl  Ui  Bueren.  Bnttle.  H.  =  6-j.  G.  =  3  35-3-45.  Luiur  riireona; 
nflMi  incUoiDg  to  rennoaa.  Color  brovn  to  green,  and  the  Utter  frcqneDilr 
bn^ht  and  dear;  occssioaallT  salphnr-Tellow,  and  also  pale  blae.  StreaL 
whit«,  SnbtrsDi parent  to  faintlv  snbtran&lucent.  DlchroUm  not  neaallr 
«troQg.  Upticallr  ~ ;  alao  -f  rarelj.  Birefringence  xery  low.  Sometimea  aln 
normally  biaxial.     Indices:  &iy  =  I-T'^'^,  e^  =  1*7^36  Ala,  Osann. 

C*apk— A  basic  calciam-alDmiiiimn  silicate,  bnt  of  ancertain  formnb: 
perbapa  Ca,(  Al(OH,F)]Al,(SiO  ' .  Ferric  iron  replaces  part  of  the  alnminiam 
and  magDesiam  the  (slcinm.  Flnorine  and  titaninm  maj  be  present.  The 
(ollowitig  are  tTpjcal  analTtei  (Jannaech): 

8<i>,    TIO,  Mifi,  rcO,  FrO  MoO    CaO  MrO  X>^  Li,0  B,0    F. 

1,  VMorioi,  I  a«-9e     —  IB-TO 8« 2-01  O-K 35B7 2«  OtS <M)6  1  »  1  06  =  10&-45 

2.  Vilul.  3fl-n  I-»  18-28  2-18  US  0  IS  35-M  »1H  0  45    —  OTS  0-28  B,0,  2-8I=»'58 

Pyt..  wtc.— B.B.  fuKa  ni  3  witli  [ntumeMeooe  to  a  greentsh  or  browtiitli  glass.  Haenus 
■tala  that  titc  deniity  after  fiubn  b  3it3-3-HS.  WttS  Ibe  flniea  givt*  Ractions  for  &oii, 
aod  totat  rahciie*  a  HtroDg  maognitae  reaction.  Cj/priiu,  a  blue  mrietj.  gives  a  rcacikm 
for  copper  wiib  n)t  of  pbotpborui.  Panblljr  decotnpoKd  b;r  liydroclsloric  acid,  and  com- 
pletelr  wbtm  Uic  minctBl  hai  been  preriouslf  Ignitnl. 

Dw,~CEiaracieriz«d  b;  fu  leiraeonal  form  and  easjr  ftuHiilitT.  Resembles  aume  brown 
▼arlctka  iil  gamel,  tourmaline,  and  epidote. 

ReooKnixvd  >■>  ibin  wclioui  by  ils  high  refraclion  prodaciog  a  verj'  siroog  relief  and  lis 
«itreni«l)r  low  bi re Crln pence;  *  also  in  eencral  by  iU  color,  ploochitiiem.  nnd  uniajJal  nega- 
tive cbaraeieri  the  Istier,  on  account  of  ibe  low  birefringence,  being  diffltoli  to  deienniiie. 
The  low  biri-fringeiice.  bowerer.  aid«  in  dtsliuguiahing  it  from  epidote.  willi  wblcb  at  limes 
ft  ma*  be  confouuded. 

Ob«-— Vi^iiviaDite  was  flcKl  found  among  the  ancient  ejecljoiit  of  Vesurlcs  and  the 
doloiiiltlcbt'M-kB  nf  Monle  Botnma,  wLence  its  name.  It  commonly  occurs  as  a  conincl  mia> 
ernl  f"i'n  ''i*'  fi'''— I't'iii  df  impure  Hraestoiies,  liien  usually  asiociuted  wiih  lime  garnet 
(ct. ■^-  '  ■   ■■  iiiip,  diopside.  wjllnatiinite;  nl»o  epidote;  also  iii  ferpcutioe,  chlorite 

K].:    ■  ...l    rock'. 

!■  --  ;.ie  Vc-siiviiis;  the  Albaiii  Mis.;  Ihe  Mui'a  Alp  In  tin-  Al»  valley,  in 

Piedmont;  Ht.  Moiizont  in  the  Fassatbnl;  at  Orawtlza  and  Dognaczka;  Haslau  nearEger 
In  Bobftnia  (egeran);  near  JordanimQbl,  Silesia;  on  the  Vilui  river,  near  L.  Baikal  (some- 
times calleil  tmiuil'  or  viluile,  like  the  groisular  ganiet  from  the  same  regioa);  at  Arendal, 
"  eolophonitt" ;  at  Egg.  near  ChriBtiansaad. 

In  N.  America,  in  MainetX  Phippsburg  and  Rumford;  at  Bandford.  In  N.  Eampthire, 
at  Warren  with  cinnamon -alone.  In  J^  York,  ^  m.  S.  of  Amity.  In  Nea  Jerieji,  at 
Newton.  In  Cal^omia  near  Ban  Carlos  in  Inyo  Co.  In  Canada,  nt  Calumet  Rdla.  Litch- 
fleld,  PoDtlac  Co.;  at  Qrenville  In  calcite;  at  Templelon,  Ottawa  Co,,  Quebec 


Zircon  Group.     RSiO,.     Tetragonal. 
Zircon  ZrSiO.  i  =  0-6404 

Thorite  ThSiO,  6  =  0-6403 

Tliia  group  includes  the  orthoailicates  of  zirconium  and  thorium,  both 
alike  in  tetragonal  crystallization,  axial  ratio  and  crystalline  habit. 

The'ie  species  are  sometimes  regarded  as  oxides  and  then  included  in  the  RtjTiLE  Qbodp 
<p.  843),  to  which  they  approximate  closely  in  form,     A  similar  form  belongs  also  to  the 

•  Prei4Uently  mliiernl".  wh!ch,  like  veauvianlle,  melillle  and  lolsile,  are  doubly  refracting 
but  of  exiremely  low  birefringence  (and  possibly,  where  they  are  positive  for  one  color  but 
negative  for  another),  do  not  show  a  gray  color  between  crossed  nicols  but  a  curious  blue, 
at  times  an  intense  Berlin  blue,  which  Is  quite  distinct  from  the  Other  blues  of  the  color 
scale  and  is  known  as  the  "vUraMiu." 


ZZROOH. 
Tetrsgonal.     Axis  i  =  0-64037. 

t^.    101  A  Oil  =  44°  BO'. 
m",  101  A  iOl  =  60*  16'. 
pp'.  111  A  in  =  68' 401'. 
uu'.  831  A  631  =  83-  9*. 
S38.  B30. 


mp,  110  A  111  =47°  W. 
m«,  no  A  881  =  30°  X%\'. 
«•",  811  A  811  =88°5r. 
ax,      100  A  811  =  81°  48*. 


B31. 


832. 


Cotunulo. 


Twins:  tw.  pi,  e  (101),  genicnUted  twins  like  nitile  (Fig.  374,  p.  124). 
Commonly  in  square  prisms,  sometimeB  pyramidal.  Also  in  irregular  forms 
and  grains. 

Cleavage:  m  imperfect;  p  (111)  less  distinct.  Fracture  conchotdal. 
Brittle.  H.  =  7'5.  G.  =  468-4 -70  most  common,  but  varying  widely  to  4'2 
and  4S6.  Luster  adamantine.  Colorless,  pale  yellowish,  grayisli,  yellowisb 
green,  brownish  yellow,  reddish  brown.  Streak  uncolored.  Transparent  to 
aubtranslncent  and  opaque.  Optically  ■^.  Birefringence  high.  cHy  =  1'9S39, 
€j  =  1'96S2,  Ceylon.     Sometimes  abnormally  biaxial. 


while  resembling  tbe  diainond  in  luster,  they  are  companlWely  worthless;  thence  came 
the  Dame  tireoii. 

Comp.— ZrSiO,  or  ZrO.SiO,  =  Silica  32-8,  zirconia  67-2  =  100.     A  little 
iron  (Fe,0,)  is  asaally  present. 


DBSCRItnVt    MIXEKALOGT. 

in  nmlured.  Uw  red  bteooie  uiiIiiiIim. 

!  Taiietis  iflam  tmd  iaavue  ia  denaitr 
hj  ignUUitt.  Kut  pnccptibiy  acted  ii|k>d  bj  «lt  of  phoiplMrat.  la  p>w<ler  decctnpaaea 
WMn  foaed  wilb  >odai>u  the  ^alidim  wire,  aad  if  tbe  pmdnct  b  Ab(i1*«1  b  dilute  hfdro- 
cfciwric  acid  It  girt*  liie  onttge  ootot  dnndernlic  of  lircoaw  wben  tested  wiiJi  tnnacnc 
pftper.  Kot  acted  apuci  bf  undi  csecT>C  Id  fiac  powder  with  coaoeMlnted  anlpfeoric  acid. 
ItacuoiinaaFi]  by  (luion  wlih  ailutiae  cartmoatea  and  btaalpliatea. 

DUl— Cluuai.-lcriMd  by  tbe  |ireTaSlmg  square  pvntmid  or  aqnare  priun  ;  alao  tqr  lUt 
adatiudilue  luHer,  bardncaa,  bi^  q>ecitic  ^18*117.  aod  inlusibililj':  Un  dJamoBil  iaopllallj' 

RcoogDii«(l  in  tliin  aeclioui  b;  iu  very  high  relief;  ver;  liigb  iolnferenee-colon,  whicJi 

CUnctcr,     It  la  diiliDguisbed  frum  caMiterite  and  rutile  only  by  iU  lack  of  miIot.  and  from 
tbi;  latt«i  al«o  in  ma-oj  uuca  lijr  nelliod  of  occuncDce. 

Ob*.— A  comniciii  coiutftueot  of  ieneou*  rocks,  especialljr  lbo«e  of  tbe  more  add  feld- 
•palhic  group*  and  particalaTly  tbe  kfada  derived  from  magmas  conlaiuiD;:  raucL  auda. 
li  KSMnlljr  prv>«iii  id  miaute  rrysixla,  hut  in  pegmaitlic  fneiea  ofieit  in  Iftige  nuil  weSI- 
furiued  <.'r>'«al!t.  Ut:ciin  more  rarely  elsi-wken:,  as  io  Rnuular  timeMoDc.  cblorilic  and 
oUHJt  tcbiiti ;  Kuelu ;  aumeliiiiej  fo  iioo-pre  beds.  Crystau  are  common  in  moat  aiiriferoiu 
■ttiiili.  Somcirmen  fouud  io  voIcudIc  rockfe.  probably  io  pari  as  inclusious  deriTcd  trotn 
oIiIrt  rnnki. 


Zlieuu  Id  ritollii'-t  cryitals  is  an  common  io  Ibe  pCino>liUc  forms  of  tbe  uepfai'liie-nronile 
And  aticii(T-9)'«ii!((i  uf  uKitliern  Xornray  (with  seirite,  etc.)  Ibal  tLis  rock  there  111111  eUe- 
wUtrc  ban  (omcilmiai  lieen  called  a  "Elrcon-syeulte." 

Pound  In  alluvial  aandit  in  Ceylon  :  Id  tbe  gold  refrions  of  the  Utxl.alL«urvlk,  Sorw«y; 
M  Arenibil.  lu  ibe  Iroa  mines;  at  FredtiksTirD.  and  in  relna  in  tbe  aueile-syeolle  of  the 
LoiigMiind  llord;  Pfitaclilhai,  Tyrol;  In  ln*»  at  NiEdermendie  io  tbe  Eifel,  re<l  cryilala:  etc. 

In  N.  Amirricn.  in  Mtlae,  at  LitchUcldi  In  K.  Tark,  in  Horiab.  Essex  Co..  danamoii- 
r«d:  uear  tbe  oiiilrl  of  Tno  Ponda,  Orange  Co..  nilb  scapolile.  pyroxtoe  anil  litanite;  at 
Warwick,  CbocoUte  broirii.  oear  Amily:  fn  St.  Luwreoce  Co.,  In  liie  lowr  of  Hammond: 
At  KoMlc.  Flue.  Pllonlm.  lu  Penn..  near  lteadiu)r.  In  Jf.  Car.,  nbuod^mt  in  Ihe  gold 
aanilt  of  Burke.  Mi'Dnwcll.  Polk,  Riitberford.  Henderson,  and  other  cnunlics.  In  Colorndo. 
Willi  niiroiiliylliu^.  kU:  .  in  the  Pike's  Peak  region  lu  El  Poao  Co.;  at  CbeyeoDe  Mt.  In 
C-iisi-'.-  >.:■!      ■     ■!■■■'•  ■■>ii9  gnkvala. 

'  '     '  fjviili.',   Ar^enleiiil  Co.;   <o  Tcmplelon  and   ndjoioing  townships  la 

Oi '  '  '  !ii  Jteufrew  Co..  somi.'limes  very  large;  in  Nortli  Bnrgtaa,  LhuhtIe  Co. 

JUaiaeon  Is  sq  dUered  ilrcoD.  Cjfrlolite  is  related  but  contnlos  umniiim.  yttiium  aod 
other  rtire  elemenla.  \^hiiJitt-fiii-i.ri<j 

Thorito.  Thnrlum  ■lllnOe.  T^,,..like  zlnmii  Id  form;  usunlly  bydrated.  bkck  In 
color,  and  then  with  6.  — 4'5-0;  alto  ontDge-yellow  and  with  O.  =  5'l&-6'40(or(in;&).  From 
tbe  Brevlk  region.  Norway;  alao  near  Arendal.   frv-l-  "^^  "Vv*  t.»'-»-"ift**_*j-<.' 

Aaorlita.  Like  zlrcoD  In  form;  supposed  to  be  a  sUIco-phospbate  of  thorium.  Hender- 
•onCo.,N.  C. 


-y^'^ 


Danbarfte-Topaz  Group.     Orthorhombic.     EE,(8iO,),  or  (RO)  BSiO,. 

Bftnbnrite  CaB,(SiO.),  Ii:l-A  =  0-5444  :  X :  0  4807 

Top«  [Al(F,OH),]AlSiO,  &\l:h=  0  5285  :  1 :  0-4770 

Andtloiite  (AlO)AlSiO.  \l\&:y:  =  0-5070 :  1 :  04749 

OP    &:l\b  =  0-9861 :  1  :  0*7025 


SlUimftnite  Al,SiO,  Orthorhombic  ii:l  =  0-970 :  1 

Cyuilte  Al,SiO.  Triolinio 

a:l:t  =  0-8994  :  1  :  0-7090;  a  =  90°  5^',  /S  =  101"  2',  y  =  105°  44J'. 


SILICATES. 

DAMBURim. 

Orthorhombic.     Axes  a:b  -.6  =  05444  :  : 
83«.  mm'",  110  A  110  =  57°  8'. 

lao  A  i30  =  eo"  9'. 


:  0-4807. 
■  dd'.  101  A  lOl  =    63°  1 
uw",  0«  A  Oil  =  123° 


Y^       \\         Habit  prismatic,   resembling  topaz.     Also   in   indietinct 
embedded  crystals,  and  dissemiuatea  masses. 

Cleavage:  c  very  indistinct.  Fracture  uneven  to  eubcoii- 
clioidal.  Brittle.  H.  =  7-7-35.  G.  =  2-97-3-02.  Color 
pale  wine-yellow  to  colorless,  yellowieh  wbite,  dark  wine- 
yellow,  yellowish  brown.  Luster  vitreous  to  greasy,  on  crvftul 
surfaces  brilliant.  Transparent  to  translucent.  Streak  wnite. 
Comp.  _  CaB.{SiO  J,  or  CaO.B,0,.2SiO.  =  Silica  48-8, 
boron  trioxide  28-4,  lime  23-8  =  100. 

Pyr.,  etc.— B.B,  fuses  at  8'5  to  s  colorless  k'ius.  and  fmpariB  a  green  color  to  tbe  O.  F, 
(boroD).  Nut  decomposed  bj  bvdrucbloric  acta,  but  sufficiently  att&cked  for  tbe  solution 
to  give  Ibe  reaction  of  boric  acid  wiib  turmeric  paper.  Wbun  pievioualy  ignited  gelatinises 
wltb  bydrni:l]loriG  ncid.     Pbospboresces  on  beating,  giving  a  reddisb  Dgbt. 

Oba. — Occurs  at  Daubury.  Conn.,  with  nlcrocUiie  and  ullgoclase  in  dolomite.  At 
Itussell.  N.  v.,  in  ttue  crystals.  On  tbe  Piz  Valalacha.  tbe  northern  spur  of  Ht.  Bkopl 
south  of  Di^sentis  in  eastern  Bwitzerliind,  in  Glender  prismatic  crystals. 

Barsowitb.  Tlifs  doubtful  species,  occurring  with  blue  corundum  in  the  Ural,  is  hj 
some  Butbors  classed  with  danburite;  compositiou  CaAliSiiOi  like  auotthlte. 


TOPAZ. 
Orthorhombic.    Axes  a:l:6  =  0-52854  :  1 :  0-47698. 


Ural 
mm'",  110  A  110=    55' 48'. 

IV.      lao  A  iao  =  89'  49'. 

dd\      201  A  aOl  =  132-    1'. 
XX' .    043  A  043  =    64"  55'. 


Biiizil.  Durango. 

y/.  041  A  041  =  131°  41'. 
ei,     001  A  333  =    34°  14'. 

eu.  001  A  111  =  4.r  ar. 

CO,    001  A  331  =    63°  W. 


uu'.  Ill  A  ill  =  76*  20". 
uu'".  Ill  A  lil  =  S*"  0". 
ooT.  321  A  331  =  105°  r. 
<m"'    331  a  35i  =   4fl°  871'. 


//',       021  A  021  =    8;°  It 

Crystals  commonly  prismatic,  vi  predominating;  or  /  (120)  and  the  form 
then  a  nearly  s<)uare  prism  resembling  andalusite.  Faces  in  the  prismatic 
zone  often  vertically  striated,  and  often  showing  vicinal  planes.  Also  firm 
columnar;  granular,  coarse  or  fine. 

Cleavage  :  c  highly  perfect.  Fracture  subconchoidal  to  uneven.  Brittle. 
H,  —  8.  0.  —  3-4-3-6.  Luster  vitreous.  Color  straw-yellow,  wine-yellow, 
white,  grayish,  greenish,  bluish,  reddish.  Streak  uncolored.  Transparent  to 
subtranHhicent.  Optically  +.  Ax.  pi.  ||  b.  Bx  X  c.  Axial  angles  variable. 
2E,  =  112°  to  120°  40'.     Befractive  indices,  Brazil  (Miihlheims): 
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For  D        a  =  1-62986        ff  =  1-68077       y  =  1*68747       .'.    2V  =  49**  31' 

Var. — Ordinary.  In  prismatic  crystals  usually  colorless  or  pale  yellow,  less  often 
pale  blue,  piuk,  etc.  The  yellow  of  the  Brazilian  crystals  is  changed  by  beating  to  a  pale 
rose-pink.     Often  contains  inclusions  of  liquid  COa. 

PhytaliU,  or  pyraphysalite,  is  a  coarse  nearly  opaque  variety,  from  Finbo;  intumesce» 
when  healed,  hence  its  name  from  (pvaaXii,  bubble,  and  nvp^fire.  i^c/a'te  has  a  colum- 
nar, very  compact  structure.  Rose  made  out  that  the  cleavage  was  the  same,  and  the 
form  probably  the  same;  and  Des  Cloizeaux  showed  that  the  optical  characters  were  those 
of  topaz. 

Comp.— (AlF),SiO^;  usually  containing  hydroxyl  and  then  [Al(F,0H)],SiO^ 
or  as  given  on  p.  430.  The  former  requires  Silica  32*6,  alumina  55*4,  fluorine 
20-7  =  108-7,  deduct  (0  =  2F)  87  =  100. 

Pyr.,  etc.— B.B.  infusible.  Fused  in  the  closed  tube,  with  previously  fused  and  pul- 
verized salt  of  phosphorus,  etches  the  glass,  giving  off  silicon  fluoride,  which  forms  a  rin^ 
of  SiOt  above.  With  cobalt  solution  the  pulveris^  mineral  gives  a  fine  blue  on  heating. 
Only  partially  attacked  by  sulphuric  acid.  A  variety  of  topaz  from  Brazil,  when  heated^ 
assumes  a  pink  or  red  hue,  resembling  the  Balas  ruby. 

Diff.— Characterized  by  its  prismatic  crystals  with  ancles  of  56**  (124*')  or  87*  (93**);  alse 
by  the  perfect  basal  cleavage;  hardness;  infusibility;  vields  fluorine  B.B. 

Obs. — Topaz  occurs  especially  in  the  highly  acid  igneous  rocks  of  the  granite  family, 
as  granite  and  rhyolite,  in  veins  and  cavities,  where  it  appears  to  be  the  result  uf  fumarole 
acuon  after  the  crystallization  of  the  magma;  sometimes  also  in  the  surrounding  schists^ 
ffnelBses.  etc.,  as  a  result  of  such  action.  In  these  occurrences  often  accompanied  by  fluor- 
Ue,  cassiterite,  tourmaline. 

Fine  topaz  comes  from  the  Urals,  from  Alabashka,  in  the  region  of  Ekaterinburg;  from 
Miask  in  the  Ilmen  Mts  ;  also  the  gold-washings  on  the  R.  Sauarka,  in  Govt.  Oreubure:  in 
Nerchinsk,  beyond  L.  Baikal,  in  the  Aduu-Chalou  Mts..  etc.;  in  the  province  of  Miua» 
€kraes,  Brazil,  at  Ouro  Preto  and  Villa  Rica,  of  deep  yellow  color;  at  the  tin  mines  of 
Zinnwald  and  Ehrenfriedersdorf,  and  smaller  crystals  at  Schneckenstein  and  Altenberg; 
sky-blue  crystals  in  Cairugorin.  Aberdeenshire:  the  Mourne  mountains,  Ireland;  on  the 
island  of  Elba.  Physalite  occurs  in  crystals  of  great  size,  at  Fossum,  Norway:  Finbo, 
Sweden.  PycniU  is  from  the  tin  mine  of  Altenberg  in  Saxony;  also  of  Schlackenwald, 
Zinnwald,  etc.  Fine  crystals  occur  at  Durango,  Mexico,  with  tin  ore;  at  San  Liiis  Potosl 
in  rhyolite.  Mt.  Bischoff.  Tasmania,  with  tin  ores;  similarly  in  New  South  Wales.  In 
Japan  in  pegmatite  from  Otani-yaina,  Province  of  Omi,  near  Kioto. 

In  the  United  States,  in  Maine,  at  Stoneham,  in  albitic  granite.  In  Conn.,  at  TrumbulU 
with  fluorite;  at  Williiuautic.  In  N.  Car.,  at  Crowder's  Mouutaiu.  lu  Colorado,  in  line 
crystals  colorless  or  pale  blue  from  the  Pike's  Peak  region;  at  Natlirop,  Chnflfee  Co..  in 
wine-colored  crystals  with  spessartite  in  litbophyses  in  rhyolite;  similarly  in  the  rhyolite 
of  Chalk  Ml.  In  Utah,  in  tine  transparent  colorless  crystals  with  quartz  and  sanidine  in 
the  riiyolite  of  the  Thomas  Range.  40  miles  north  of  Sevier  Lake. 

the 
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AND  ALU  SITE. 

Orthorhombic. 
841. 


m 


m 


m 


.m 


reous; 


often  weak. 


Axes  a  :If  :  6^=0-9861  : 1  :  0-70245. 

mm'",  110  A  110  =  89*  12'. 
88\  Oil  A  Oil  =  TO**  10'. 

Usually  in  coarse  prismatic  forms, 
the  prisms  nearly  square  in  form. 
Massive,  imperfectly  columnar;  some- 
times radiated  and  granular. 

Clfiava^e:  in  distinct,  sometimes  per- 
fect (Brazil);  cr  less  perfect:  ^  in  traces. 
Fracture  uneven,  subconchoidal.    Brittle. 
H.  =  r-5.     G.  =  3-1 6-3-20.     Luster  vit- 
Color  whitish,  rose-red,  flesh-red,  violet,  poarl-gray    red- 
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dish  brown,  olive-green.  Streak  nncolored.  Transparent  to  opaque,  usually 
subtranaluoeut.  Pleochroism  strong  in  Eome  colored  Tarieties.  Absorption 
strong,  0  >  b  >  c.  Sections  normal  to  an  optic  axis  are  idiophanous  or 
show  the  polarization-brushes  distinctly  (p.  219).  Optically  — .  Ax,  p].  I  b 
Bx  J.C.     2H,  =  96°  30'  Brazil;  /S^  =  163S;  y  -  a  =  0011. 

CAiatloliU,  or  Mael«  Is  a  Tiirlety  In  «tout  cryaiuU  having  ^j, 

the  Axis  and  nugles  of  s  different  color  from  lliu  rusi,  owJde  B4B> 

lo  a  regular  arrRogement  of  carbouoceoUB  impurilles  tbroiigE 
tbe  inl«rior,  and  nence  exhibiting  a  colored  cross,  orates- 
seliLted  appearance  iu  a  transverse  sectiou.  Fig.  914  abows 
sectiouB  of  a  crystal. 

Comp.— Al.SiO,  =  (AlO)AlSiO.  or  Al.O.SiO.  = 
Silica  3C'8,  alumina  63'3  =  100.  Manganeee  is 
sometimes  present,  as  in  man ganandalu site. 

Pjrr,,  ato.— B.B.  Infusible.  With  cobalt  solution  gives  a 
blue  color  after  ignition,  Not  decomposed  by  nclds.  De- 
composed on  fusion  with  caustic  alkalies  and  nlkallne  car- 
bonates. 

Diff— Cliomcterlzed  by  the  nearly  square  priam,  pleo- 
chroism, hard[iess,  Infusibility :  reaction  for  alaminn  B.B.  /'  \ 

Diatiuguislicd  in   thin  seciiiins  by  its   Uigli   relief;    low        ^  1  'S 

tnterference- colors,  vhlcli  arc  only  sliglilly  nbore  those  of  1 

Siarlz;   negative   biaxial   cbAracier;   negative   eiteaslon    of 
e  crystals  (dilf.  From  slllimanite);  rather  distinct   prismatic  cleavage   and   the  constant 
parallel  extinction  (diff.  from  pyroxenes,  which  have  also  greater  birefringence);  also  by  lis 
844. 
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characteristic  t 


I   present  (Hg  844).     Tbe    pleo- 


Hust  cammoD  In  arguluceiius  schist,  or  other  schists  iniperfeclly  cryslnlilne;  also 
schist  nnil  related  rocks;  rarely  In  connecliou  with  serpentine,     Tbe  variety 
ilneral  In    clHy-sIntes,  <.ff.,  adjoining  granllie   dikes, 
with  parallel  axes. 

1  the  Tyrol,  Lisena  Alp;    in  Saxony,  m  Biaun^dotf; 
il,  provmce  oi'  Miuos  Geraea,  in  line  crysluls  iind  iis 


OlM. 

cLiostollte   Is  commonly 
Sometimes  associated  with  sillii 

Found  In  Spain,  Iu  Andaln 
Bavaria,  at  Wunsiedel,  etc.  li 
rolled  pebblea. 

In  N.  America,  In  Maiae,  at  Blandish.  N.  Samp..  WliJte  Mtu.  Notch:  Mau..  at  West- 
ford;  Lancaaicr,  holh  varieties;  Sterling,  chiastolite.  Cunn.  ,at  LItcbfield  and  Washington. 
Ptnn.,  In  Delaware  Co.,  near  Leiperville,  large  crysl.;  Upper  Providenc. 

Named  from  Anilnlusla.  Ibe  first  tocidlry  uoied.  The  name  tiiaeie  is  from  the  Lalin 
nweuln.  a  spot.  Chiastolite  is  from  ^iu'oroS,  arranged  diagonally.  a.tid  Lence  from  e/ii', 
the  Greek  name  for  tlie  letter  X. 


SILLIMANITEl.     Flbrolltc. 

Orthorhombic.  Axes  rf  :  fc  =  0-970  : 1.  mm'"  =  88°  15',  hW  (230  A  330) 
=  69°,  Prismatic  faces  striated  and  rounded.  Commonly  in  long  slender 
crystals  not  distinctly  terminated ;  often  in  close  parallel  groups,  passing  into 
fibrous  and  columnar  massive  forms;  sometimes  radiating. 

Cleavage:  h  very  perfect.  Fracture  uneven.  H.  =  6-T.  G.  —  323-3'24. 
Luster  vitreous,  approaching,  snbadamaiitine.  Color  hair-brown,  grayish 
brown,  grayish  white,  grayish  green,  pale  olive-green.  Streak  untrolored. 
Transparent  to  translucent.     Pleochroism  sometimes  distinct.     Optically  +• 


DoaUa  reaction  atraag.     Ax.pL|iL     BzJ.e. 
44*.    >J=  1-661;  >'-flr  =  a<BL 

nC-ClMiactateed  bj  to  I 


btkfa  MoioM  racwgBbrf  I7  to  focH. 

Oh*.— ones  pnMM  fa  Ito  qumx  cf  gwAi 

tnioaU  pttona  conar'* *  "" 

(utile  ia  >l«o  ■  flooiMtM 

ObMTTed  io  Ruajr  lo 
Tyrol  l^MtMHlt).  ta  ito 
berc,  Saxonv;  ia  Fnaec, 
»hiii»edh-  —* 


-r.     •!!,= 


ftuOtniiy: 


In  the  United  StMM^  fa  Mmmutitmmtti,  at  Wonwtcr.  b  Cto— rttwtt  near  HorwU, 
wftb  sfTGoa.  monailie  aad  oonuidiut:  at  WIltoMBlfe.  Ia  W.  Turk,  at  Toifclowa.  Vcat- 
cboMar  Co.:  in  HoanM^  Onan  Co.  (w»ww»ia».  b  Aaa..  at  CImmst  oa  tke  Ddawant 
ami  Quwaibuiy  fo^a;  ta  pAwaiaOo.:  Ddawmrt.  al  BiaadywiaB  Bpriaga.    mikeotiB'  - 

dam  In  JT  Caratinm. 


OTAimB.     ETanto. 

Triclinic.      Azm  £:S  :^  =  0^994  : 1  :0?090;  «  = 
y  =  105°  44^'.    ae,  100  A  001  =  78°  30*;  be,  010  A  001  =  86'*'45' 

~  ~  Unially  ia  long  bladed  aj^aiM,  nrolj  tominatad. 

A1m>  coanelj  bladad  C4^nmnar  to  Babfifaroni. 

Clearage:  a  tbtj  parfeet;  h  lam  perfect;  abo  parting 
\e.  H.  =  5-7-25;  the  leart,  4-5,  on  a  |  ^;  6-7  on  a  |  edoo 
a/c;  7  on  b.  G.  =  3*56-3'6T,  Luater  Titreons  to  pearly. 
Color  bine,  white;  blue  along  the  center  of  tbe  blades  or 
crystals  with  white  margins;  also  gray,  green,  black. 
Streak  unoolored.  Tranalucent  to  transparent.  Pleo- 
chroism  distinct  in  colored  Tarieties.  Optically  — .  Az. 
pi.  nearly  _]_a  and  inclined  to  edge  a/b  on  a  abont  30°, 
and  about  TJ  on  b.  2H^,  =  99°  18'  Pfitschtbal. 
Comp. — Empirical  formula  Al,SiO,  or  Al,0,.SiO„  like  andalusite  and  silli- 
manite.     Perhaps  a  basic  metaeilicate,  (A10),SiO,. 

Pyr..  «tc.— Same  as  for  aodalmite.  At  a  high  temperature  (1330°-1880')  cyanlte  assumea 
IbeptivitlcBl  clisracten  of  BlHlmaalte.  , 

Did.— CUiiracteHEedb;  ibe  blsdcd  form  1  common  blue  color;  varying  bardoess;  Infuii- 
lilllly;  TenulloD  fur  alumina. 

Obi,— Occure  jiritidpally  in  guei&a  and  mica  achUt  (both  the  ordiiiBTj  variety  with 
muHi'dVite  aud  also  tbat  nilb  paragonlte}  ofteu  Bccompanied  by  garuel  and  sometimes  by 
dlBiirolita:  also  Id  eclogiie.     Il  Is  oflen  aasociaied  willi  corunduiu, 

FrMiiul  Id  (ratispareiit  crystals  at  Monle  Camplone  in  tbe  St.  Onlbard  region  in  Switser- 
liiud  in  parBgonlte  schist;  on  Mt.  Greiiier,  ZDIerthal,  and  In  tbe  PQtscbllial  (rhmtitiU,  white) 
in  Tyrol;  iti  ecloglle  of  tbe  Saiialpe.  Uariothia;  HorraJOberg  iu  Wermland,  Sweden;  Villa 
Ilicu,  ItruEil,  etc. 

In  Mnu.,  ni  CheiterBeld,  with  garnet  In  mtca  schist.  In  Conn.,  at  Litchfield  and 
WaalilnKton.  In  Vermont,  at  Theltord.  In  Pean..  Id  Cbesler  Co.  and  in  Delaware  Co. 
In  Virginia,  Buckiughain  Co.  lu  N.  Carolina,  with  rutile.  Inziilite,  etc.,  at  Crowder^ 
Hi.,  Oiulon  Co.;  In  Qaston  and  Rulberford  couutiea  associated  with  corundum,  damourlte; 
iHMutitul  clear  green  In  Yancey  Co.    Named  from  Kvaroi,  blot. 
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Datolite  Group.     Monoclinic. 


n  m 


n  m 


Basic  Orthosilicates.    HRESiO,  or  E,R,(SiOJ,.   Oxygen  ratio  f or  R :  Si  =  3 : 2. 

II  m 

R  =  Ca,Be,Fe,  chiefly;  R  =  Boron,  the  yttrium  (and  cerium)  metals,  etc. 


a 
0-6345 


1  :  1-2657 


89°  51' 


0-6249  :  1  :  1-2824        89**  21' 

2d  :  S  :  4(!  B 

0-6474  :  1  :  1-3330        79°  44' 


Datolite 

IICaBSiO.  or  Ca(BOH)SiO, 
Homilite 

Ca.FeB,Si.O,.  or  Ca,Fe(BO).(SiOJ. 

Euclase 

HBeAlSiO.  or  Be(A10H)SiO, 
Oadolinite 

Be.FeY^Si.O,.  or  Be.Fe(YO),(SiOJ. 

The  species  of  the  Datolite  Group  are  usually  regarded  as  basic  ortho- 
silicates,  the  formulas  being  taken  in  the  second  form  given  above.  They  all 
crystallize  in  monoclinic  system,  and  all  but  Euclase  conform  closely  in  axial 
ratio;  with  the  latter  there  is  also  a  distinct  morphological  relationship. 


a 
0-6273 


1  :  1-3215         89°  26^' 


DATOLITE. 

Monoclinic.    Axes  a  :  ^  :  (5  =  0-6345  :  1  :  1-2657;  fi  =  89°  51i'. 

110  A  liO  =    64*  47'. 
100  A  001  =    89*  51'. 
100  A  101  =    45'    O*. 
012  A  012  =    64'  39i'. 
w,Wx'.  Oil  A  Oil  =  103**  28'. 

Crystals  varied  in  habit;  usually  short  prismatic  with  either  m  or  m,  pre* 
dominating;  sometimes  tabular  U  x  (201);  also  of  other  types,  and  often  highly 
modified  (Figs.  846-849).  Also  botryoidal  and  globular,  having  a  columnar 
structure;  divergent  and  radiating;  sometimes  massive,  granular  to  compact 
and  crypto-crystalline. 


mm 

ae, 

ax, 

99\ 


en,    001  A  111  =  66'  57'. 
em,  001  A  110  =  89'  58'. 
ee,    001  A  112  =  49'  49'. 
nn'.  111  A  111  =  59**    4J'. 
€€',  112  A  112  =  48'  19i'. 


846. 


847. 


nu 


Bergen  Hill. 

Cleavage  not  observed.    Fracture  conchoidal  to  uneven.    Brittle.    H.  s 
5-5-5.    G.  =  2-9-30.    Luster  vitreous,  rarely  subresinous  on  a  surface  of  frao« 
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tiire.  Color  white;  Bometimes  grayish,  pale  green,  yellow,  red,  or  nmetbyBtiue, 
rjirely  dirty  olive-green  or  honey-yellow.  Streak  white.  TranspareDt  to  trauB- 
lucent;  rarely  opaque  white. 

Var.— 1,  OrdiiHirji.  In  glaasy  crysinla  of  varleii  hiibii.  iisually  wiib  a  greeuisli  lluap. 
The  uDglea  lu  tlie  prismftlic  auil  cliDMooie  zaaea  vary  but  lUlIc,  e.g..  110  a  IIU  =  Sl°  47*, 
wbile  Oil  A  Oli  =  H«°  &T,  etc.  2.  Couipitet  mamive.  White  opaque  cream -toloretl,  plnlt; 
breuHiiig  niib  Ibe  surface  of  porcelain  or  Wedgewood  ware.  From  the  L.  Biiperfor  Tegioii. 
3.  BaCrgoidal;  Balryoliie.  RaJlitled  coluinnar,  baviog  n  botryoldal  aiirrace.  and  cuutalDlug 
more  water  thau  tbe  cryitala.  bui  upiically  Idenlleal. 

Comp, — A  basic  orthoailicate  of  horoii  and  calciiini:  ompirically  HCaBSiO, 
or  H,0.3CaO.B,0,.2SiO,;  thia  may  he  written  C'a(BOH)SiO,  =  Silica  37G, 
boron  trioiide  3L*S,  lime  35-0,  water  5'C  =  100. 

Pyr.,  •tc  — Id  tlic  closed  lube  fnVca  off  mucb  wnler.  B  B.  fuaes  al  3  wllb  iuliimesccuce 
to  a  cleur  ^flasa,  coloring  tbe  flame  bright  green.     GeUliuizes  witb  hydrocbloric  acid. 

DM. — Cburacterlzed  by  Ita  glassy.  greeoisL,  complex  ciystals ;  easy  fusibillly  and  green 
flame  B  B. 

DbR,  — Datolltc  iB  found  chiefly  as  a  secondary  mine ral  lu  veins  and  ravilles  in  baaic 
erupilTc   rocks,  oflen   asaociated   with   calcite.  prehnite  and   varimis  zeolllee;   some 
asBociated  wllhdanburiie;  also  !d  gneiss,  diorile,  and  serpentine;  !a  metallic  veins;  i 


848. 


849. 


tlmei  Id  beds  of  Iron  ore.  Found  In  Scotland,  in  trap,  at  the  Eilpatrick  Hills,  etc.;  In 
n  bed  of  magnetite  at  Arendal'  in  Norway  {holrvolite) ;  at  UtO  In  Sweden:  at  Andreaaberg 
in  diabase  and  in  veins  of  diver  ores:  in  Rhen  lab  Bavaria  (the  hvmboUllUi!):  at  (he  Seiner  Alp. 
Tyrol,  and  at  Theiss.  near  Clausaen,  in  geodes  in  amygdaloid;  in  granite  al  Baveno  near 
I^go  Magglore;  at  Toggiana  In  Modena.  in  serpentine:  Home  Catini  in  Tuscany. 

In  the  U.  8.  not  uncommon  with  the  diabase  of  Connecticut  and  Hassacbuselts.  Thus 
at  tbe  Rocky  Bill  quarry,  Himfnrd.  Cnnn.;  at  Middlefleld  Falls  and  Roaring  Brook,  Coon. 
Ill  N.  Jersey.  Rt  Bergsn  Hill,  in  splendid  crystals;  at  Paiersou,  Passaic  Co.  Both  crystnU 
and  tbe  opaque  compact  variety.  In  the  Lake  Superior  region. 

Named  from  Sirrcifr&ai,  to  divide,  alluding  lo  the  granular  structure  of  a  massive 

Homilita  (Cn  Fe),B,Si,Oio  or  (Ca.Fe).{BOMSiO.)i-  Cryslala  oflen  tabular  |e:  angles 
near  those  of  dalolite.  H.  =  5.  G.  =  S'^.  Color  black,  blackish  brown.  Found  on  tbe 
Island  SlokO  and  other  islands,  in  the  Langesund  fiord,  Norway. 

Bnclose.  HBeAISiO,  or  BetAIOH)SiO,.  In  prismatic  crystals.  Cleavage  :  KOIOt 
perfect.  H.  =  7-5.  O  =  3-05-3-10.  Luster  vitreous.  Colorless  to  pale  green  or  blue. 
From  Brazil,  in  the  province  of  Mina'^  Oeraes;  in  the  auriferous  sands  of  ihe  Orenburg 
district,  southern  Urol,  near  the  river  Sanlirka;  in  the  Glossglockner  region  of  the  Auslriau 
Alps. 

aadoUnlte.  Be,FeT,Si,0,o  or  Be,Fe(TO},8iO,)..  Ciystnls,  oflen  prismatic,  roiigb 
and  coarse:  commonly  In  masses.  Cleavage  none.  Fracture  concboidal  or  splintery. 
Brittle.  H.  =  85-7.  G.  =  4-0-4-5;  normally  4-86-*  «  (anisotropic),  4-34-4-39  (Wropia 
and  amorphous  from  altetatlon).    Luster  vitreous  to  greasy.    Color  block,  greenlib  black. 
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also  brown.    From  near  Falun  and  Ytterbv.  Sweden;  HitterG,  Norway;  also  in  Llano  Co., 
Texns,  iu  nodular  masses  and  roufi;h  crystals,  sometimes  up  to  40  or  60  pounds  iu  weight. 

The  yttrium  earths  or  "  eadolinite-earths "  (partly  replaced  bv  the  oxides  of  cerium, 
Inuthunum  and  didyuiinm)  form  a  complex  group  which  contains  considerable  erbium, 
also  severul  new  elements  (ytterbium,  scandium,  etc.)  of  more  ot  less  definite  character. 

Tttrialite.  A  silicate  of  thorium  and  the  yttrium  metals  chiefly.  Massive;  amorphous. 
O.  =  4*575.  Color  on  the  fresh  fracture  olive-green,  changing  to  orange-yellow  on  surface. 
Associated  with  the  gadolinite  of  Llano  Co.,  Texas. 

Rowlandite.  An  yttrium  silicate,  occurring  massive  with  gadolinite  of  Llano  Co., 
Texas;  color  dmb-greeu. 

Mackintoshite.  Silicate  of  uranium,  thorium,  cerium,  etc.  Massive.  Color  black. 
Llano  Co.,  Texas 


hii 

1 :  0  3429 

hid 

1  :  1-8036 

64^  37' 

1  :  1-8326 

64°  39' 

1  :  1-7691 

64°  59' 

Epidote  Group.     Orthorhombic  and  Monoclinic. 

n  ni  n     m  in 

Basic  Orthosilicates,  HE,E,Si,0„  or  E,(EOH)E,(SiO,), 

u  n         in  mm 

E  =  Ca,Fe;  E  =  Al,Fe,Mn,Ce,  etc. 
a.  Orthorhombic  Section. 

w 

a 
Zoisite  Ca,(A10H)Al,(SiOJ,  0-6196 

p.  Monoclinic  Section* 

T?«iHAt^  i  wCa,(A10H)Al,(SiO,).  a 

Epidote  j  nCa;(FeOH)Fe;(SiO;);  15787 

Piedmontite      Ca,(A10H)(Al,Mn),(SiO,),  1-6100 

Allanite  (Ca,Fe),(A10H)(Al,Ce,Fe),(SiO,),    1-5509 

The  Epidote  Group  includes  the  above  complex  orthosilicates.  The 
monoclinic  species  agree  closely  in  form.  To  them  the  orthorhombic  species 
zoisite  is  also  related  in  angle,  its  prismatic  zone  corresponding  to  the  mono* 
clinic  orthodomes,  etc.     Thus  we  have  : 

Zoisite    mm"\  110  a  110  =  68"  34'.        Epidote    cr,      001  a  101  =  68'  42'. 

uu\     021  A  021  =  68*  54'.  mm\  110  a  110  =  70'    4',  etc 

There  seems  to  be,  however,  a  monoclinic  calcium  compound,  having  the  com- 
position of  zoisite,  but  monoclinic  and  strictly  isomorphous  with  ordinary 
epidote;  it  is  called  clinozoisite, 

zoisrra. 

Orthorhombic.     Axes  &\l:d  =  06196  :  1  :  0-34295. 

mm"\  110  A  110  =  63'  84'.  JT.     Oil  A  Oil  =  87'*  62'. 

dd\      101  A  101  =  57"*  56'.  oo"\  111  A  111  =  88"  24'. 

Crystals  prismatic,  deeply  striated  or  furrowed  vertically,  and  seldom 
distinctly  terminated.     Also  massive;  columnar  to  compact. 

Cleavage:  h  very  perfect.  Fracture  uneven  to  subconchoidal.  Brittle. 
H.  =  G-6*5.  G.  =  3*25-3 -37.  Luster  vitreous  ;  on  the  cleavage-face,  ft,  pearly. 
Color  grayish  white,  gray,  yellowish  brown,  greenish  gray,  apple-green;   also 

})each-blo8som-red  to  rose-red.     Streak  uncolored.    Transparent  to  subtrans- 
ucent. 

Pleochroism  strong  in  pink  varieties.  Optically  +.  Ax.  pi.  usually  ||  h ; 
4il80  \c.  Bx  J.  a.  Dispersion  strong,  p  <  r ;  also  p  >  v.  Axial  angle  variable 
-even  in  the  same  crystal.    2Ep  =  42°-90°.     /3  =  1-696;  y  -^  a  =  0*006. 
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Var. — 1.  Ordinary.  Colore  gray  to  white  and  brown;  also  green.  Usually  in  indistinct 
prismatic  or  columnar  forms;  also  in  fibrous  aggregates.  G.  =  3'2*i6-3'381.  Unianite  is  a. 
very  pure  zotsite.  2.  Ro»e-red  or  Thulite,  Fragile;  pleochroism  strong.  3.  Cornpaet, 
masnve.  Includes  the  essential  part  of  most  saussurite  {e.g.^  in  saussurite-gabbro),  which 
has  arisen  from  the  alteration  of  feldspar. 

Comp.— HCa,Al,Si,0„  or  4Ca0.3Al,0,.6SiO,.H,0  =  Silica  39-7,  alumina 
33*7,  lime  24*6,  water  2*0  =  100.  The  alumina  is  sometimes  replaced  by  iron, 
thus  graduating  toward  epidote^  which  has  the  same  general  formula. 

Pjrr.,  etc. — B.B.  swells  up  and  fuses  at  3-8*5  to  a  white  blebby  mass  Not  decomposed 
by  acids;  when  previously  ignited  gelatinizes  with  hydrochloric  acid.  Gives  oS.  water 
when  strongly  ignited. 

DifiL — Characterized  by  the  columnar  structure;  fusibility  with  intumescence;  resembles 
some  amphibole. 

Distinguished  in  thin  sections  by  its  high  relief  and  very  low  interference-colors;  lack 
of  color  and  biaxial  character.  From  epidote  it  ia  distinguished  by  its  lack  of  color  and 
low  birefringence;  from  vesuvianite  by  its  color  and  biaxial  character.  Thin  sections  fre- 
quently show  the  *  *  ultra  blue  *'  (p.  428)  between  crossed  nicols. 

ObiL — Occure  especially  in  those  crystalline  schists  which  have  been  formed  by  the 
dynamic  metamorphism  of  basic  igneous  rocks  containing  plagioclase  rich  in  lime.  Com- 
monly accompanies  some  one  of  the  amphiboles  (actlnolite,  smaragdite,  glaucophane,  etc.); 
thus  m  amphibolite,  glaucophane  schist,  eclogite;  often  associated  with  corundum. 

The  original  zoisite  is  that  of  the  eclogite  of  the  Saualpe  in  Carinthia  (saualpiU).  Other 
localities  are:  Rauris  in  Salzburg;  Sterzing,  etc.,  in  Tyrol;  the  Fichtelgebirge  in  Bavaria; 
Marscheudorf  in  Moravia;  Satisthal  in  Switzerland;  the  island  of  Syra.  one  of  the  Cyclades^ 
in  glaucophane  schist.  Thulite  occurs  at  Eleppau  in  Tellemarken,  Norway,  and  at  Tra> 
versella  in  Piedmont. 


BPIBOTE.    Pistacite.    Pistazit,  Oerm. 

Monoclinic.    Axes  a  :t:  6  =  1*5787 

wm'",  110  A  110  =  109**  56'. 
ca,  001  A  100  =  64**  37. 
ce,  001  A  101  =  34°  43'. 
er,  001  A  101  =  63^  42'. 
ar',       100  A  lOl  =  51°  41'. 


1  :  1-8036;  /?=64'37'. 

el,   001  A  201  =  89"  26'. 

eo,   001  A  Oil  =  58,  28'. 

en,  001  A  ill  =  75°  11'. 
an"\  100  A  Hi  =  69°  2'. 
7171'",  in  A  Hi  =  70°  29'. 


Twins:  tw.  pi.  a  common,  often  as  embedded  tw.  lamellae.   Crystals  usually 
prismatic  ||  the  ortho-axis  b  and  terminated   at  one  extremity  only;  passing 
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into  acicular  forms;  the  faces  in  the  zone  ac  deeply  striated.  Also  fibrous,, 
divergent  or  panillel;  granular,  })articles  of  various  sizes,  sometimes  fine 
granular,  and  forming  rock-masses. 
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Dispersion 
=  91°  20'. 


Cleavage:  c  perfect;  a  imperfect.  Fracture  uneven.  Brittle.  H.  =  6-7. 
G.  =  3*25-3*5.  Luster  vitreous;  on  c  inclining  to  pearly  or  resinous.  Color 
pistachio-green  or  vellowish  green  to  brownish  864. 

green,  greenish  black,  and  black;  sometimes 
clear  red  and  yellow;  also  ^ay  and  grayish 
white,  rarely  colorless.  StreaK  uncolored,  gray- 
ish. Transparent  to  opaque:  generally  sub- 
translucent. 

Pleochroism  strong:  vibrations  |  c  green,  b 
brown  and  strongly  absorbed,  a  yellow.  Absorp- 
tion usually  b  >  c  >  a  ;  but  sometimes  c  >  b  > 
a  in  the  variety  of  epidote  common  in  rocks. 
Often  exhibits  idiophanous  figures;  best  in  sec- 
tions normal  to  an  optic  axis,  out  often  to  be  ob- 
served in  natural  crystals  (Sulzbach),  especially 
if  flattened  II  r  (lOl).  (Seep.  218.)  Optically-. 
Ax.  pi.  I  b.  Bx.^r  A  <^  =  -  2°  66'.  Hence  c  J.  a  (100)  nearly, 
inclined,  strongly  marked ;  of  the  axes  feeble,  p  >  v,  2H 
/3^  =  1-75702.       Birefringence  high,  y  -^  a  =  0038  -  0-056. 

Var.— Epidote  has  ordinarily  a  peculiar  yellowish  ^reen  (pistachio)  color,  seldom  found 
in  other  minerals.  But  this  color  passes  into  dark  and  light  shades — black  on  one  side  and 
brown  on  the  other;  red,  yellow  and  colorless  varieties  also  occur. 

Var.  1.  Ordinary.  Color  ereen  of  some  shade,  as  described,  the  pistachio  tint  rarely 
absent,  (a)  In  crystals.  (6)  Fibrous,  (c)  Granular  massive,  (d)  Sarza  is  epidote  sand 
from  the  gold  washings  in  Transylvania.  The  Arendal  epidote  (ilr^wrftf/iY^)  is  mostly  in 
dark  green  crystals;  that  of  Bourg  d'Oisans  Dauphiiie  (Tfuillite,  Ddphinitf,  OUanite)  in  yel- 
lowish-green crystals,  sometimes  transparent,  Pusehkinite  includes  crystals  from  the  aurif- 
erous sands  of  Ekaterinburg,  Ural.  Aelimatite  is  ordinary  epidote  from  Achmatovsk,  Ural. 
A  variety  from  Garda,  Hoste  Is.,  Terra  del  Fuego,  is  colorless  and  resembles  zoisite. 

2.  The  Bueklandite  from  Acbmatovsk,  described  by  Hermann,  is  black  with  a  tinge  of 
green,  and  differs  from  ordinary  epidote  in  bavin e  the  crystals  nearly  symmetrical  and  uot» 
like  other  epidote,  lengthened  in  the  direction  of  the  orthodiagonaf.     G.  =  3  51. 

3.  WitJiamite.  Carmine-red  to  straw-yellow,  strongly  pleocliroic;  deep  crimson  and 
straw-ycllow.  11.  =  6-6-5;  G.  =  3*137;  in  small  radiate<l  groups.  From  Glencoe,  in  Argyle- 
shire,  Scotland.     Sometimes  referred  to  piedmoutite,  but  contains  little  MiiO. 

Comp.— HCa,(Al,Fe),Si,0„  or  H  0.4Ca0.3(Al,Fe,),0^6SiO„  the  ratio  of 
aluminium  to  iron  varies  commonly  from  6  :  1  to  3  :  2.  rercentage  composi* 
tion: 

For  Al :  Fe  =  3  : 1   SiO,  87  87,  A1,0,  24-13,  Fe,0, 1260,  CaO  2351,  HaO  189  =  100 

CUnozoiHte  is  an  epidote  without  iron,  having  the  composition  of  zoisite;  foiiqueitf  ia 

Srobably  the  same  from  an  auorthite-gneiss  in  Ceylon.  Picroepidote  is  supposed  to  contain 
[g  in  place  of  Ca. 
Pyr.,  etc. — In  the  closed  tube  gives  water  on  strong  Ignition.  B.B.  fuses  with  intumes- 
cence at  3-3  5  to  a  dark  brown  or  black  mass  which  is  generally  magnetic.  Reacts  for  iroD 
and  souieiimes  for  manganese  with  the  tluxes.  Partially  decomposed  by  hydrochloric  acid, 
but  when  previously  ignited,  gelatinizes  with  acid,  Decomposed  on  fusion  with  alkaline 
carbonates. 

DifiF.— Characterized  often  by  its  peculiar  yellowish-green  (pistachio)  color;  readily  fusi- 
ble and  yields  a  magnetic  globule  B.B.  Prismatic  forms  often  longitudinally  striated,  but 
they  have  not  the  angle,  cleavage  or  brittleness  of  tremolite;  tourmaline  has  no  distinct 
cleavage,  is  less  fusible  (in  commoti  forms)  and  usually  shows  its  hexagonal  form. 

Uecogiiized  in  thin  sections  by  its  high  refraction;  strong  interference-colors  rising  into 
those  of  the  third  order  in  ordinary  sections;  decided  color  and  striking  pleochroism;  also 
by  the  fact  that  the  plane  of  the  optic  axes  lies  transversely  to  the  elongation  of  the 
crystals. 
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Obfl.— Epidote  is  commonly  formed  by  the  metamorphism  (both  local  igneous  aod  (»f 
gcnenil  dynamic  character)  of  impure  calcareous  sedimeutary  rocks  or  igueous  rocksi  cou- 
uiDing  much  lime.  It  thus  ofteu  occurs  iu  gueissic  rocks,  mica  schist,  amphibole  schibt» 
aerpentiue;  so  also  iu  quartzites  uud  sandsioues  altered  by  ndghboriug  igneous  rucks. 
Often  accompanies  beds  of  magnetite  or  hematite  in  such  rocks.  Has  also  been  found  in 
granite  (Hobbs,  Maryland),  and  regarded  as  an  original  mineral. 

It  is  often  associated  with  quartz,  feldspar,  actinolite,  axinite.  chlorite,  etc    It  some-    ' 
times  forms  with  quartz  an  epidote  rock,  called  epidatite.    A  similar  rock  exists  at  Mel- 
bourne in  Canada.      A  ^ueissuid  rock  consisting  of  flesh-colored  orthoclase,  quartz  and 
epidote  from  the  UnakaMts.  (N.  C.  and  Tenn.)  has  been  called  unakyte. 

Beautiful  crystallizations  come  from  Bourg  d'Oisans,  Dauphine;  the  Ala  valley  and 
Traversella.  in  Piedmont;  Elba;  Zermatt:  Zillerthal  in  Tyrol;  almoin  fine  crystals  from  the 
Enappenwand  in  the  Untersulzbachthal,  Pinzgau,  associated  with  asbestus,  adularia,  apa- 
tite, tiianite,  scheelite;  further  atStriegau.  Silesia;  ZOptau,  Morayia;  Arendal,  Norway;  the 
Achmatovsk  mine  near  Zlatoust,  Ural. 

In  N.  America,  occurs  in  N.  Hamp.,  at  Franconia.  In  Man.,  at  Hadlyme  and  Chester, 
in  crystals  in  gneiss;  at  Athol.  In  syenitic  gneiss,  in  fine  crystals,  2  m.  S.  W.  of  the  center 
of  the  town:  Newbury,  in  limestone.  In  C!97in.,  at  Haddam,  in  large  splendid  crystals. 
In  N,  York,  near  Amity;  Monroe,  Orange  Co. ;  Warwick,  pale  yellowish  green,  withtitanite 
and  pyroxene.  In  N.  Carolina,  at  Hampton's,  Ynncey  Co. ;  White's  mill,  Gaston  Co.;  Frank* 
lin,  Macon  Co.;  in  crystals  and  crystalline  masses  in  quartz  at  White  Plains,  Alexander 
Co.     In  Michigan,  in  the  Lake  Superior  region,  at  many  of  the  mines. 

Epidote  was  named  by  Hatly,  from  the  Greek  eniSoaii,  ineretue,  translated  by  him, 
'*qui  ^  re^u  un  accroissement,"  the  base  of  the  prism  (rhomboidal  prism)  having  one  dde 
longer  than  the  other.  Pittaeite,  from  maraKia,  the  piitachio-nut,  refers  to  the  color. 

Piedmontite.  Similar  in  angle  to  ordinary  epidote,  but  contains  5  to  15  p.  c.  MiisOa. 
H.  =  6*5.  G.  =  8404.  Color  reddish  brown  and  reddish  black.  Pleocbroism  strong. 
Absorption  a  >  b  >  c.  Optically  -f.  Ax.  pi.  |  b,  Bx».r  A  ^  =  -f  82"  34  .  a  a  ^  =  —  6' 
to  —  3**.  Occurs  with  manganese  ores  at  St.  Marcel,  Piedmont.  In  crystalline  schists  on 
He  de  Groix,  France;  in  glaucophane-achist,  in  Japan.  Occasionally  in  quartz  porphyry, 
as  in  the  antique  red  porphyry  of  Egypt,  also  that  of  South  Mountain,  Peun. 

AliLANITE.     Orthite. 

Monoclinic.  Axes,  p.  437.  In  angle  near  epidote.  Crystals  often  tabu- 
lar ||  <?;  also  long  and  slender  to  acicular  prismatic  by  elongation  ||  axis  J. 
Also  massive  and  in  embedded  grains. 

Cleavat^e:  a  and  c  in  traces  ;  also  7)i  sometimes  observed.  Fracture  uneven 
or  subcoiichoidal.  Brittle.  H.  =55-6.  G.  =  3*0-4*2.  Luster submetallic, 
])itchy  or  resinous.  Color  brown  to  black.  Subtranslucent  to  opaque.  Pleo- 
cbroism strong  :  c  brownisb  yellow,  b  reddisb  brown,  a  greenisb  brown.  Opti- 
cally — .  Ax.  ])1.  II  b.  Bxa  A  d  =  32A°  approx.  /i  =  1*082.  Birefringence 
low;  y  —  a  =  0*032.  Also  isotropic  and  amorpbous  by  alteration  analogous 
to  gadolinite. 

Var.—AUdinte.  The  origiunl  mineral  was  from  Ea.st  Oreenlnud,  iu  tabular  crystals 
^)r  plates.  Colo  black  or  bro  a  nish  black.  G.  =  8 -50-3 -95.  Bucklandite  is  nnhydroMa 
alliiiiile  ill  small  black  crystals  from  a  macruetite  mine  uear  Aiendal,  Xorwav.  Bagration- 
He  ocons  in  black  crystals  which  are  like  the  biicklandite  of  Achmatovsk  (epidote). 

Orthite  iiifliided.  in  its  original  use,  the  slender  or  acicular  prismatic  crvstals,  containing 
:some  water,  from  Finbo.  near  Falun,  Sweden.  But  these  graduate  into  massive  forms,  and 
.some  orthites  are  anhydrous,  or  as  nearly  so  as  most  allanite.  The  name  is  from  o^of, 
Mraujht.  ^^  „^  ^^ 

Comp.— Like    epidote    HRR,Si,0„  or  H,0.4R0.3R,0,.6SiO,  witb  R  =  Ca 

and  Fe,  and  R  =  AlFe,  tbe  cerium  metals  Ce,  Di,  La,  and  in  emaller  amounts 
tbose  of  the  yttrium  group.  Some  varieties  contain  considerable  water,  but 
probably  bv  alteration. 

Pyr. .  etc.— Some  varieties  give  much  water  in  the  closed  tube,  and  all  kinds  yield  a  small 
Amount  on  strong  ignition.     B.B.  fuses  easily  and  swells  up  (F.  =  2*5)  to  a  dark,  blebby. 
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magnetic  glass.  With  the  fluxes  reacts  for  iron.  Most  varieties  gelatinize  with  hydrochloric 
acia,  but  if  previously  ignited  are  not  decomposed  by  acid. 

Obs. — Occurs  in  albitic  and  common  feidspathic  granite,  gneiss,  syenite,  zircon  syenite* 
porphyry.  Thus  in  Greenland  ;  Norway  ;  Sweden  ;  Strieguu,  Silesia  Also  in  white  lime- 
stone as  at  Autrbuch  on  the  fiergstrasse  ;  often  in  mines  of  magnetic  iron.  Rather  common 
as  an  accessory  constituent  in  many  rocl&s.  as  in  andesite,  diorite,  dacite,  rhyolite,  the  tonalite 
of  Mt.  Adamello.  the  scapolite  rocks  of  Odegaarden,  Norway,  etc.  Sometimes  inclosed  as 
a  nucleus  in  crystals  of  the  isomorphiius  species,  epidote. 

At  Vesuvius  in  ejected  masses  with  sauidine,sodalite.  nephelite,  hornblende,  etc.  Simi- 
larly in  trachytic  ejected  nuisses  at  the  Laacher  See  (bucklandUe). 

In  Mass..  at  the  Bolton  quarry.  In  N.  York,  Moriah,  Essex  Co.,  with  magnetite  and 
apatite  ;  at  Monroe.  Oranee  Co.  In  N.  Jersey,  at  Franklin  Furnance  with  feldspar  and  mag- 
netite. In  Penn,,  at  8.  Mountain,  near  Bethlehem,  in  lar^e  crystals  ;  at  E.  Bradford  ;  near 
Eckhardi's  fiirniice,  Berks  Co.,  abuudant.  In  Virginia,  in  large  masses  in  Amherst  Co.;  also 
in  Bedford,  Nelson,  aud  Amelia  counties.  In  N,  Carolina,  at  many  points.  At  the  Devil's 
Head  Mt.,  Douglas  Co  ,  Colorado. 


AxiNrra. 

Triclinic.     Axes  &:l\6  =  0-4921  :  1  :  0-4797  ;  a  =  82°  54',  /?  =  91°  52', 
y  =  131°  32'. 

866.  866.  867. 


u> 


M 


i     m 


Dauphine.  Poloma.  Bethlehem,  Pa. 

am,  100  A  100  =  15**  34'.  Mr,  110  A  111  =  45*'  15'.' 

aM,  100  A  110  =  28"  55'.  mr,  110  A  111  =  64"  22'. 

as,  100  A  201  =  2r  87'.  ww,  110  A  201  =  27"  57'. 

Crystals  usually  broad  and  acute-edged,  but  varied  in  habit.  Also  massive, 
lamellar,  lamellae  often  curved  ;  sometimes  granular. 

Cleavage  :  b  distinct.  Fracture  conchoidal.  Brittle.  H.  =  6*5-7.  G.  = 
3-271-3-294.  Luster  highly  glassy.  Color  clove-brown,  plum-blue,  and  pearl- 
gray  ;  also  honey-yellow,  greenish  yellow.  Streak  uncolored.  Transparent  to 
fiubtrunslucent.  Pleochroism  strong.  Optically  — .  Ax.  pi.  and  Bx^  approxi- 
mately 1  X  (111).  Axial  angles  variable.  221..,  =  87°  30'  ;  /?,  =  1-678. 
Pyroelectric  (d.  234). 

Comp. — Al)oro-silicate  of  aluminium  and  calcium  with  varying  amounts  of 
iron  and  manganese.  Perhaps  II,R,(BO)Al,(SiOJ,  (Whitfield.)  R  =  Cal- 
cium chiefly,  sometimes  in  large  excess,  again  in  smaller  amount  and  manga- 
nese prominent ;  iron  is  present  in  small  quantity,  also  magnesium  and  basic 
hydrogen. 

Analyses.     1,  Whitfield  ;  2,  Genth. 

G.     SiO,    B,0,  A1,0,  FeaO,  FeO    MnO  CaO  MgO  ign. 

1.  Bourgd'Oisans            41-58    4  62    1790    3-90    402      8*79  21  M  0-74  216  =  10082 

2.  Franklin.  <jry«<.  8-358  42-77    5  10    16  73    103     1-60*  18-69  18-25  028  076  =  100«16 

•ZnO.  including  012  CuO. 

Pyr.,  etc.— B.B.  fuses  readily  with  intumescence,  imparts  a  pale  green  color  to  the  O.F., 
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and  fuses  at  2  to  a  dark  green  to  black  glass  ;  with  bornx  In  O.F  gives  an  amelhTsUne 
bead  (mangauese),  which  iu  RF.  becomes  yellow  (iron).  Fused  with  a  mixture  of  bisulphale 
of  potash  and  flaor  on  the  platinum  loop  colors  the  flame  ^reen  (boric  acid).  Not  decooi- 
poeed  by  acids,  but  when  previously  ignited,  gelatinizes  with  hydrochloric  acid. 

Obs.~Azinite  occurs  in  clove-brown  crystals,  near  Bourg  d'Oisans  in  Dauphin^ :  al 
Andreasberg  ;  Striegau,  Silesia ;  on  Mt.  Skopi,  in  eastern  Switzerland  ;  Elba  ;  at  the  idlver 
mines  of  Kongsberg,  Norway  ;  Nordmark,  Sweden  ;  near  Miask  in  the  Ural  ;  in  Cornwall, 
of  a  dark  color,  at  uie  Botallack  mine  near  St.  Just.  etc. 

In  the  U.  S.,  at  Phippsburg,  Maine  ;  Franklin  Furnace,  N.  J.,  honey -yellow  ;  at  Beth- 
lehem, Pa. 

Named  from  d^ytf*  ^^  ^*^t  ^b  allusion  to  the  form  of  the  crystals. 


Orthorhombic-hemimorphic.     Axes  d  :h  :  6  =  0-8401  :  1 :  0*5549. 

Distinct  individual  crystals  rare;  usually  tabular  I  c;  sometimes  prismatic 
mm'^'  =  80°  4';  again  acute  pyramidal.  Commonly  in  groups  of  tabular 
crystals,  united  by  c  making  broken  forms,  often  barrel-shaped.  Beniform, 
globular,  and  stafactitic  with  a  crystalline  surface.  Structure  imperfectly 
columnar  or  lamellar,  strongly  coherent;  also  compact  granular  or  impalpable* 

Cleavage:  c  distinct.  Fracture  uneven.  Brittle.  U.  =  6-C'5.  O.  =  2*80- 
2'95.  Luster  vitreous;  c  weak  pearly.  Color  light  green,  oil-green,  passing  into 
white  and  gray;  often  fading  on  exposure.  Subtransparent  to  translucent. 
Streak  uncmored. 

Comp. — An  acid  orthosilicate,  H,Ca,Al,(SiO J,  =  Silica  43*7,  alumina  24*8, 
lime  37-1,  water  4*4  =  100. 

Prehnite  is  sometimes  classed  with  the  zeolites,  with  which  it  is  often  associated :  the 
water  here,  however,  has  been  shown  to  go  off  only  at  a  red  heat,  snd  hence  plays  a  differ^ 
ent  part. 

Pyr.,  etc. — In  the  closed  tube  yields  water.  B.B.  fuses  at  2  with  intumescence  to  a 
blebby  enamel-like  glass.  Decomposed  slowly  by  hydrochloric  acid  witbout  gelatinizing; 
after  fusion  dissolves  readily  ^ith  gelatinization. 

Difil— B.B.  fuses  readily,  unlike  beryl,  green  quaiiz,  and  cbalcedcny.  Its  hardness  is 
greater  than  that  of  the  zeolites. 

Obs. — Occurs  chiefly  in  basic  eruptive  rocks,  basalt,  diabase,  etc.,  as  a  secondary  mineral 
in  veins  and  cavities,  often  associated  '^^'ith  some  of  the  zeolites,  al.^o  datolite.  pectolite, 
calcite,  but  commonly  one  of  the  first  formed  of  the  series;  also  less  often  iu  grauile,  gneiss, 
syenite,  and  then  frequently  associated  with  epidote;  sometimes  associated  with  native 
copper,  as  in  the  L.  Superior  region. 

At  St.  Christophe,  near  Bourg  d'Oisans  in  Dauphine;  Fassa thai,  Tyrol;  the  Ala  valley 
in  Piedmont :  in  the  Harz,  near  Andreasberg ;  in  gnmite  at  Striegau,  Silesia:  Arendal, 
Norway;  -^delforsin  Sweden  {edelite)\  at  Corstorphine  Hill,  near  Edinburgh;  MoumeMts., 
Ireland 

Iu  the  United  States,  finely  crystallized  at  Farmington,  Conn.;  Paterson  and  Bergen 
Hill,  N.  J.:  in  syenite,  at  Somerville,  Mass.;  on  north  shore  of  Lake  Superior,  and  the 
copper  region. 

Nameil  (1790)  after  Col.  Prehn,  who  brought  the  mineral  from  the  Cape  of  Good  Hope. 

Harstigite.  An  acid  orthosilicate  of  manganese  and  calcium.  In  small  colorless  pris- 
matic crystals.  H.  =  5*5.  G.  =  8049.  From  the  Harstig  mine,  near  Pajsberg.  Werm- 
land,  Sweden. 

Ouspidine.  Contains  silica,  lime,  fluorine,  and  from  alternlion  carbon  dioxide:  formula 
doubtful.  In  minute  spear-shaped  crystals  H.  =  5-6.  G.  =  2-853-2  860.  Color  pale 
rose-red.     From  Vesuvius,  in  ejected  masses  in  the  tufa  of  Monte  Somma. 


rv.  Subsilicates. 


The  species  here  included  are  basic  salts,  for  the  most  part  to  be  referred 
either  to  the  metasilicates  or  orthosilicates,  like  many  basic  compounds  already 
included  in  the  preceding  pages.  Until  their  constitution  is  definitely  settled, 
however,  they  are  more  conveniently  grouped  by  themselves  as  Subsilicates. 
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It  may  be  noted  that  those  species  having  an  oxygen  ratio  of  silicon  to  basea 
of  2  :  3^  like  tonaz,  andalusite^  sillimanite;^  datolite^  etc.,  also  calamine,  car* 
pholite,  and  pernaps  tourmaline,  are  sometimes  regarded  as  salts  of  the  hypo- 
thetical parasilicic  acid,  H.SiO^. 

The  only  prominent  group  in  this  subdivision  is  the  Humite  Group. 

Humite  Group* 

a:  i  :  6  /3 

Prolectite        [Mg(F,OH)],Mg[SiOJ,?    Monoclinic         l-OSOs':  1:1 -8861     90 

Chondrodite    [Mg(F,OH)l,Mg,[SiOJ,    Monoclinic         1-0863 : 1 : 3-1447    90 

u  '  ct  *  c 
Humite  [Mg(F,OH)],Mg.[SiOJ,     Orthorhombic    1-0802 : 1  :'4-4033     - 

Ciinohumite    [Mg(F,OH)],Mg,[SiOJ,    Monoclinic         1-0803:1:5-6588    90* 

'i'he  species  here  included  form  a  remarkable  series  both  as  regards  crys- 
talline form  and  chemical  composition.  In  crystallization  they  have  sensibly 
the  same  ratio  for  the  lateral  axes,  while  the  vertical  axes  are  almost  exactly 
in  the  ratio  of  the  numbers  3:5:7:9  (see  also  belowj.  Furthermore,  thouga 
one  species  is  orthorhombic,  the  others  monoclinic,  tney  here  also  correspond 
closely,  since  the  axial  angle  /3  in  the  latter  cases  does  not  sensibly  differ 
from  90°. 

In  composition,  as  shown  by  Penfield  and  Howe  (also  Sjogren),  the  last 
three  species  are  basic  orthosilicates  in  each  of  which  the  univalent  group 
(MgF)  or  (MgOH)  enters,  while  the  Mg  atoms  present  are  in  the  ratio  of  3 : 5 :  7* 
The  composition  given  for  Prolectite  is  theoretical  only,  being  that  which 
would  be  expected  from  its  crystallization.  In  physical  characters  these 
species  are  very  similar,  and  several  of  them  may  occur  together  at  the  same 
locality  and  even  intercrystallized  in  parallel  lamellae. 

The  species  of  the  group  approximate  closely  in  angle  to  chrysolite  and  chrysoberyU 
The  axial  ratios  may  be  compared  as  follows: 

Prolectite d:    ti^h^l  -0803  :  1 :  06287 

Chondrodite d:    J:  ic=  10863:  1.0  6289 

Humite b:    a:\h=V0eO2:  1:06291 

Ciinohumite d:    t:  Jc  =  10808:  1:0*6288 

Clirysolite b:2d:     h=  10735  :  1 :  06296 

Chrysoberyl b:2d:     6  =  10637  :  1 :  06170 

CHONDRODITE— HUMITE— OUNOHUMITE. 

Axial  ratios  as  given  above.  Habit  varied,  Figs.  858  to  866.  Twin» 
common,  the  twinning  planes  inclined  60°,  also  30°,  to  o  in  the  brachydome 
or  clinodome  zone,  hence  the  axes  crossing  at  angles  near  60° ;  often  repeated 
as  trillings  and  as  polysynthetic  lamellae  (cf.  Fig.  556,  p.  226).  Also  twins,, 
with  c  (001)  as  tw.  plane.   Two  of  the  three  species  are  often  twinned  together. 

Cleavage:    c    sometimes    distinct.     Fracture   subcouchoidal    to    uneven. 
Brittle.     H.  =  6-6*5.     G.  =  3*l-3'2.      Luster    vitreous    to    resinous.      Color 
white,  light  yellow,  honey-yellow  to  chestnut-brown  and  garnet-  or  hyacinth- 
red.     Pleochroism  sometimes  distinct.     Optically  +. 

Chondrodite.  Absorption  a  >  c  >  b.  Optically  -f.  Ax.  pi.  bdcI  Bx»  i  6.  Bx©  a  ^  = 
a  A  <^  =  -f  25*  52'  Brewster;  28'  56'  Kafveltorp;  80**  npprox.,  Mte.  Somma.  6  =  1-619; 
y  -  a  =  0032.     2H..r  =  86'  to  8^. 

Humite.     Ax.  pi.  |  c.     Bx  ±  a.    ^  —  a  =  0*085. 

Ciinohumite.  Ax.  pi.  and  Bx.  1  b.  Bxo  A^  =  aA^  =  +  ir-12';  7^  approx.,  Brew- 
ster.    2H..,  =  85'. 
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TIgi.  BSB,  880,  O/undrodiU,  BrevMer,  if.  T.  ClumdredHt,  8wi 

«(018),    «,(108).    *  (101),  r,  (i87),  r.  (188),    r,  (126).    ^{181).    ».  (UD- 


Ilgl.  861,  888.  OAmdrvdOtf.  Ute.  Somma. 

S^mboU  Me  tbove. 

864.  86B. 


SumOa.  Sweden. 
«,(810),e,(010).«.(018). 


Ilumite,  YeauTluB. 

«.  (Oil),     r,  (31-10).     r,  (216). 
r,(2li).    ;„(U3),    n,(lll). 
Comp, 


CU'nohiimiU,  Brewster.        CtinohumiU.  Mte.  Somma. 
t,{OU),  i.(Oiaj,  e,(103l,  e.(101),  r.(137).  r,(i88), 
r.  (125),     r,  (131). 
Basic  fluosilicates  of  magnesium  with  related  fortnulaa  as  shown 


in  the  tiiblo  above.     Hydrosyl  replaces  part  of  the  fluorine,  and  iron  often 
taJces  the  place  of  magnesium. 
AuaJyaes  by  PeD field: 

SIO,  MgO  PeO  P  H,0 

Chondrodite.  Brewster           38'07  5479  5 «  680  3-55  =  103-35 

Mte,  Somma     33B7  B8«  866  515  2-83  =  10186 

H'imiU.                  ••              36-63  58 «  3-35  303  245  =  100  M 

CtinohiimiU,           "              88-08  5400  4-83  2-08  I'M  =  100*86 


Pyr.,  •!«.— B.B.  lafudble;  some  varieties  blacken  aod  tlien  bum  vhfle.  Fused  ivlth 
potnsaiiiin  blsulpbate  In  tbe  closed  tube  gives  a  reaction  for  fluorine,  Wlih  ihe  fluxes 
a  reaction  for  iron.  Qelatlnizea  with  acid*.  Healed  vilb  sulphuric  acid  givea  off  sllicoa 
fluoride. 

OlM. — Cliondrodile,  bumlte.  and  clioobumite  ali  occur  at  Vesuvius  in  the  ejected  mHHses 
both  of  limeslone  or  feldspatbic  type  faund  on  Monte  Somma.  Tbey  are  associaied. 
witti  chrysolite,  biotite,  pyroxene,  magnetite,  spinel,  vesu via nite,  calctle,  etc.;  also  less 
often  with  aanidiue,  meionite,  nepLiellle.  Of  the  three  species,  liunille  Is  the  roreat  and 
cllDohumite  of  most  frequent  occurrence.  They  seldom  all  occur  togetbeT  In  liie  same 
tnnss.  and  oulv  rarely  two  of  the  species  (as  humlte  and  clinobumlte)  appear  togtiher. 
Occaaionaliy  clinobumlte  interpeuetratea  crystals  of  bumite,  and  pBrollel  Inlergronths  with 
chrysolite  have  also  been  observeil. 

Chondrodite  occurs  at  Mtc.  Somma,  aa  above  noted;  at  Pargaa,  Finland  honey-yellow 
In  limestoni:;  at  Kafveltorp.  Nya-Kopparberg,  Bweden,  associated  with  cbalcopyrite, 
galena,  aphuierlle.  At  Brewster,  N.  Y.,  at  the  Tilly  Focter  ii^sgnetic  iron  mine  in  deep 
gamei-red  crystals.  Also  probably  at  numerous  points  where  the  octurrtnce  of  "  cbon- 
drodite"  bns  been  reported. 

HwniU  also  occurs  at  the  Ladu  mine  near  Fillpstadt,  Swedf-n.  with  magneiiie  in  crya. 
talline  limestone.  In  crystalline  limestone  with  ciinobumile  in  Andalusis.  Also  in  large, 
coarse,  partly  altered  crystals  at  the  Tilly  Foster  Ironmiue  at  Breweter,  M.  Y. 

Ciinohumiie  occurs  at  Mtc.  Somma  and  in  Andalusia;  In  cryslalline  limestone  near 
L.  Baikal  In  East  Siberia:  at  Brenstcr,  N.  Y.,  iu  rare  but  highly  modified  crystals. 

ProUetOe  is  from  the  Ko  mine,  Nordmsik.  Sweden;  very  rare:  Jmreifectly  known. 

Numerous  other  localities  of  "  chondrodite  "  have  been  noted,  chieHy  in  ciysialline 
limestoue;  moBl  of  Ibem  are  probably  to  be  referred  to  tbe  cpecice  chondro<:ite.  but  Ibe 
identity  in  many  cases  is  yet  to  be  proved.  At  Biewsler  large  quantjiies  of  Dia»ive 
"  chondrodlle  "  occur  iiseoclaled  with  luagnelite,  tn^tntlle.  ripldolite,  end  fiom  its  txtrosiie 
alteration  serpeuline  has  bten  formed  on  a  iaige  fcaie.  The  granular  mineral  is  (cmmon 
in  limestone  in  Sussex  Co.,  N.  J.,  and  Orange  Co.,  N.  Y.,  SHOcieted  with  spinel,  end  orca- 
eionally  with  pyroxene  and  coiuudum.  Alio  In  Mat*.,  at  Chelmsford,  with  scapolite; 
at  South  Lee,  in  limestone.  In  Canuda,  In  lin^esione  at  St.  Jeiome,  Grenville,  etc., 
ubuodani. 

Tiie  name  chondrodlle  Is  from  .[uVApo!,  a  grain,  alluding  to  the  granular  structure. 
Humite  is  from  Sir  Abrabam  Hume. 


IIiVAITB.     Lievrite.     Yenlie. 
Orthorhombic.     Axes  d:l:i  =  0*6665 : 1 : 0-4437. 
867  mm  ".  UO  A  liO  =  67°  32".  rr",    101  A  101  =  67°  U'. 

M',       130  A  iaO  =  73°  46'.  <x/.    Ill  A  ill  =  82°  BS". 

Cotntnonly  in  prisms,  vfith  prismatic  faces  vertically  striated. 
Columnar  or  compact  massive. 

Cleavage:  b,  c  rather  distinct.  Fracture  uneven.  Brittle. 
H,  =  5-5-6.  0,  =  3'99-4'05.  Laster  aubmetallic.  Color  iron- 
black  or  dark  grayish  black.  Streak  black,  inclining  to  green  or 
brown.     Opaque. 

r^nnp.— CaFe,{reOH)(SiO.),    or    H,O.Ca0.4FeO.Fe,0,.4SiO, 
'<!S^^V~y   =  Silica  29-3,  iron  aesquioxide  196,  iron  protoxide  352,  lime 
^■^^^'^^    13-7,  water  2-2  =  100.     Manganese    may    replace    part    of    the 
ferrons  iron. 

Pyr.,  etc.— B.n.  fuses  quietly  a 
for  iron.  Some  varieties  give  also 
chloric  acid. 

OlM. — Found  on  Elba  in  dolomite;  on  Mt.  Mulatto  near  Predaizo,  Tyrol,  in  granite; 
Bcbneeberg,  Saxouy;  Fossum,  In  Norway.  Reported  as  formerly  found  at  Cumberland, 
R  I.;  also  at  Milk  Bow  quarry,  Somervi lie.  Mass.  Named  iZoofl*  from  the  Lstin  name  of 
the  islntid  (Elba). 

ArdenaJta.  Dewalqulte.  A  vanadlo-sllicate  of  aluminium  and  manganese,  also  con- 
lininr  arsenic.  In  jfrisroatio  crytlals  resembling  iivaitfl.  H.  =  6^7.  G.  =  8'8M.  Yellow 
to  yelfowish  brown. 
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laingbudie.  Manganese  silicate  with  ferrous  autimonate;  formula  doubtful.  In  iroa- 
black  hexagonal  prismatic  crystols.  H.  =  6-0.  G.  =  4*918.  Luster  metallic  Fran 
Ungban,  Swc<ieD. 

The  following  are  rare  lead  silicates.    See  also  p.  408. 

Kentrolite.  Probably  8Pb0.2MnaO,.88iOa.  In  minute  prismatic  crystals ;  oft«i  In 
aheaMike  forms;  filso  massive.  H.  =  5.  O.  =  6'19.  Color  dark  reddish  brown;  black 
on  tbe  surface.    From  southern  Chili;  L&ngban,  Sweden. 

MelanoteUte.  8PbO.2FetOt.88iO.  or  (Fe«0s)Pbt(Si04)t  Warren.  Orthorhombic;  pria* 
matlc.  Massive;  cleavable.  H.  =  6-6.  O.  =  6*78.  Luster  metallic  to  greasy.  Color  black 
to  bliicklsh  gray.  Occurs  with  native  lead  at  L&ngban,  Sweden.  Also  in  crystals  resembling 
kentrolite  at  mllsboro,  New  Mexico. 

Bertrandite.  Hs6e4SitOt  or  Ht0.4Be0.2SiOa.  Orthorhomblc-bemimorphic.  In  small 
tabular  or  prismatic  crystals.  H.  =  6-7.  G.  =  2'60-2-60.  Colorless  to  pale  yellow. 
Usually  occurs  in  feldspathic  veins,  often  with  other  beryllium  minerals  as  a  result  of  the 
mlteratloii  of  beryl.  At  the  quarries  of  Barbin  near  Nantes,  France;  Pisek.  Bohemia;  Mt. 
Antero,  Chaffee  Co.,  Colo.,  with  phenacite;  Stoneham,  Me.;  Amelia  Court-House,  Va. 

OAIiAMINB.    Smithsonite.    Hemimorphite.    Kieselzinkerz,  Oalmei  pt.  Germ, 
Orthorhombic-hemimorphic.    Axes  iilib  —  0-7834  : 1  :  0-4778. 


868. 


869. 


870. 


110AliO=  76*  y. 
10lAi01=  62*  46'. 
801  A  801  =  122*  41'. 
Oil  A  Oil  =  6r  6'. 
081  A  08l  =  110*  13*. 
12lAl2l=   78*  26'. 

Crystals  often  tabular 
I  b  ;  also  prismatic  ;  faces  b 
vertically  striated.  TJsnally 
implanted  and  showing  one 
extremity  only.  Often  grouped  in  sheaf-like  forms  and  forming  drnsy  sur- 
faces in  cavities.  Also  stalactitic^  mammillary,  botryoidal^  and  librous  forms; 
massive  and  granular. 

Cleavage:  vi  perfect;  s  (101)  less  so;  c  in  traces.  Fracture  uneven  to  sub- 
conchoidal.  Brittle.  H.  =  4*5-5,  the  latter  when  crystallized.  G.  =  3*40-3*50. 
Luster  vitreous;  c  subpearly,  sometimes  adamantine.  Color  white;  sometimes 
with  a  delicate  bluish  or  greenish  shade;  also  yellowish  to  brown.  Streak 
white.     Transparent  to  translucent.     Strongly  pyroelectric, 

Comp.— H,ZnSiO.  or  (ZnOH)  SiO,  or  H,0.2ZnO.SiO,  =  Silica  25*0,  zinc 
oxide  67 '5,  water  7*5  =  100.  Tlie  water  goes  off  only  at  a  red  heat;  un- 
changed at  340"^  C. 

Pyr.,  etc. — In  the  closed  tiihe  decrepitates,  whitens,  and  gives  off  water.  B.B.  almost 
inftislble  (F.  =  6).  On  charcoal  with  soda  gives  a  coating  which  is  yellow  while  hot,  and 
while  on  cooling.  Moistened  with  cobnlt  solution,  and  heated  in  O.F.,  this  coating 
assumes  n  bright  green  color,  but  the  ignited  mineral  itself  becomes  blue.  Gelatinizes 
with  acids  oven  when  previously  ignited. 

DiflF.— Characterized  by  its  infusibility ;  reaction  for  zinc;  gelatinization  with|acids.  Re- 
sembles some  smithsonite  (whicli  effervesces  with  acid),  also  prclinite. 

Obs. — Calamine  and  smithsonite  are  usually  found  associated  in  veins  or  beds  in 
stratified  calcareous  rooks  accompanying  sulpliides  of  zinc,  iron  and  lend.  Thus  at  Aix-1a« 
Chapelle;  Raibel  and  Bleiberg.  in  Carinthia;  Moresnet  in  Belgium;  Rezbdnya,  Schemnitz. 
At  Roughtcn  Gill,  in  Cumberland;  at  Alston  Moor,  white;  near  Matlock,  in  Derbyshire; 
Leadhills,  Scotland:  at  Nerchinsk,  in  eastern  Siberia. 

In  the  United  States  occurs  at  Sterling  Hill,  near  Ogdensburg.  N.  J.,  in  fine  clear 
crystalline  masses.    In  Pennsylvania,  at  the  Perkiomen  and  Phenixville  lead  minea;  at 
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FriedensTille.  AbuDd&nt  in  V^^gin^^  at  AusiId's  minea  In  Wythe  Co.  Wlih  ibe  zian 
deposils  of  Bouthweaiern  HUsouii.  especUllj  about  Oraoby,  bath  na  cr7Bta11Ued  and 
Riftsalve  calamine.     At  tlie  Emma  miae,  Collonnood  Cadoa,  Utah. 

The  Datne  Calamine  (nith  Oalmei  of  the  Qermaua)  ia  conmouly  supposed  to  be  a  cor* 
ruptiuu  of  Cadmia.  Agricola  saya  it  Is  from  ealamv*.  a  rted,  iu  allusion  to  the  alendor 
lorms  (Blalnctilicj  commuu  Id  the  eadmia/orruiaim. 

Ollnohediltfl.  H,CuZu3IOt.  Monoclinlc-cllnobedTal  (see  Figs.  881,  831a,  p.  104). 
H.  =  6'5.  G.  =  8-88.  Colorless  or  white  10  iimeihysliDe.  From  FraokliD  Furnace, 
N.J. 

OwrphoUte.  H.MoAI.SiiOi..  In  radiated  sod  stellated  tutta.  O.  =  3936.  Color 
straw-  to  wax-ye)low.  Occurs  at  the  tin  mines  of  Scblactcenwaid;  WJppra,  Id  the  Harz,  on 
<luartE,  etc. 

Lawionite.  H.CaAliSiiOit.  In  prismatic  ortborhombic  crystals  ;  mm'"  =  67*  16'. 
O.  =  S'09.  Luster  vitreous  to  greasy.  Colorless,  pale  blue  to  grayish  blue,  Occurs  In 
crystalline  schiala  of  the  Tibum  peulDSula,  Marin  Co.,  Callfoniiii;  also  in  the  schists  of 
Pontgibaud  and  New  Caledonia, 

OBrita.  A  silicate  of  the  cerium  metals  chieBv,  with  water.  Cryslala  rare:  commonly 
massive;  gnmular.  H.  =  5'Et.  G.  =  4-86.  Color  belweeu  clore-browD  and  cherry-red 
to  gray.    Occurs  at  BastDSs.  near  Hlddarhyttan,  Sweden. 


TOURMAUNB.    Turmalin  Otrm. 
Rhombohedral-hemimorphic.     Aiis  i  = 
er.  0001  A  lOil  =  27''  W.      r/,  1011  A  HOI  = 
eo,  0001  A  0^21  =  45''  67'.      «>',  0821  a  3031  = 
371.  672. 


,  82Sl  a  Ml  =  66°    1'. 
,  8351  a  B3S1  =  42*  80*. 
873. 


Crystals  usually  prismatic  in  habit,  often  slender  to 
aoicular ;  rarely  flattened,  the  prism  nearly  wanting. 
Prismatic  faces  strongly  striated  verticiilly,  and  the 
crystals  hence  often  much  rounded  to  barrel-shaped. 
The  cross-section  of  the  prism  three-sided  (m.  Fig.  877), 
six-sided  (a),  or  nine-aided  (m  and  n).  Crystals  com- 
monly hemimorphic.  Sometimes  isolated,  but  more 
commonly  in  parallel  or  radiating  groups.  Sometimes 
massive  compact ;  also  columnar,  coarse  or  fine,  parallel 
or  divergent. 
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Cleavage:  a,  r  difficult.  Fracture  snbconchoidal  to  uneven.  Brittle  and 
often  rather  friable.  H.  =  7-7*5.  6.  =  2*98-3*20.  Luster  vitreous  to  resin* 
ous.  Color  black,  brownish  black,  bluish  black,  most  common;  blue,  green, 
red,  and  sometimes  of  rich  shades;  rarely  white  or  colorless;  some  specimens 
red  internally  and  green  externally ;  and  others  red  at  one  extremity,  and 
green,  blue  or  black  at  the  other.  Streak  unoolored.  Transparent  to 
opaque. 

Strongly  dichroic,  especially  in  deep-colored  varieties;  axial  colors  varying- 
widely.  Absorption  for  co  (vibrations  J.  6)  much  stronger  than  for  e  (vibra- 
tions ||  dVy  thus  sections  |  6  transmit  sensibly  the  extraordinary  ray  only,  and 
hence  their  use  (e.^.,  in  the  tourmaline  tongs  (p.  181) )  for  giving  polarized 
light.  Exhibits  idiophanous  figures  (p.  219).  Optically  — .  Bireningeuce^ 
rather  high,  a?  —  6  =  0*02.  Indices:  coj  =  1*6366,  6,  =  1*6193  colorless  var.; 
c^r  =  1*6435,  €r  =  1*6222  bl.  gi'een.  Sometimes  abnormally  biaxial.  Bocomea 
electric  by  friction;  also  strongly  pyroelectric. 

▼ar. — Ordinary.  In  crystals  as  above  described ;  black  much  the  most  oommoD. 
(a)  BftbeUite;  the  red,  sometimes  transparent ;  the  Siberian  is  mostly  yiolet-red  {iiberite), 
the  firazilian  rose-red;  that  of  Chesterfield  tind  GosLeu,  Mass.,  pale  rose-red  and  opaque; 
that  of  Paris,  Me.,  fine  ruby- red  and  transparent,  (b)  Indieolite,  or  indigoUU;  the  blue 
dther  pale  or  bluish  black;  named  from  the  indigo- blue  color,  (e)  Brazilian  Sapphire  (in 
Jewelry);  Berlin -blue  and  transparent,  (d)  Bratilian  Bmerald,  ChrysoUie  (or  Perida(i  if 
Bratil;  green  and  transparent,  (e)  Peridot  cf  Ceylon;  honey-yellow.  (/)  Aehroite:  color- 
less toarmaline.  from  £lba.  (g)  AphridU;  black  tourmaline,  from  Kniger5,  Norway. 
(A)  Cciumnar  and  black;  coarse  columnar.  Resemble^  somewhat  common  bomblendle, 
but  has  a  more  resinous  fracture,  and  is  without  distinct  cleavage  or  anything  like  a  fibrous 
appearance  in  the  texture;  it  often  has  the  appearance  on  a  broken  surface  of  some  kinds  of 
soft  coal. 

Comp.— A  complex  silicate  of  boron  and  alnmininm,  with  also  either  mag- 
nesium, iron  or  the  alkali  metals  prominent.     The  oxygen  ratio  of  Si  :  R  is 

I  n 

in  general  2  :  3  and  the  formula  may  hence  be  written:  R.SiO,  =  R,SiO»  = 

III  I  II  III 

E,SiO..     Here  R  =  Na,Li,K;  R  =  Mg,Fe,Ca;  R  =  Al,B,Cr,Fe. 

The  varieties  based  upon  composition  fall  into  three  prominent  groups,  between  which 
there  are  many  gradntious  : 

1.  Alkali  Tourmalink.  Contains  sodium  or  lithium,  or  both;  also  potassium.  O.  = 
8'0-3*l.     Color  red  to  green;  also  colorless. 

2.  Iron  Tourmaline.    G.  =  8-1-3-2.     Color  usually  deep  black. 

8.  Magnesium  Tourmaline.  G.  =  3-0-3'09.  Usually  yellow-brown  to  brownish 
black;  also  colorless  (anal.  54). 

A  chromium  tourmaline  also  occurs.     G.  =  3'120.     Color  dark  green. 
The  following  are  typical  analyses  (Riggs)  of  the  three  varieties  : 

1.  Rumford.  Me.,  rose: 

SlOa      TiO,       BjO,     Al.O,       FeO      MnO     CaO      MjfO    Na,0     K,0      LUO     H,0         F 

8807     —       9-99    42-24     026    0-85    0o6    007    218    044    1-59    426    0  28  =  100-29 

2.  Auburn,  black: 

84-99     —       9  63    38-96    1428    006    0  15    1-01     201     0-84      ir.      8-62      —    =100-00 

8.  Gouverneur,  brown : 

87-89    119    10-73    27-89'^    0*64      —     278  14  09    172    016      tr.      8-88     ^r..' =  100-4!^ 

a  Including  0-10  FejO,. 

P3rr.,  etc.— The  magnesia  varieties  fuse  rather  easily  to  a  white  blebbv  glass  or  slag; 
the  iron-mapnesia  vor.  fuse  with  a  strong  heat  to  a  blebby  slag  or  enamel;  the  imn  var. 
fuse  with  difficulty,  or,  in  some,  only  on  the  edges;  the  iron-magnesia-lithia  var.  fuse  oi> 
the  edg<?s.  and  often  with  great  difficulty,  and  some  are  infusible;  the  lithia  var.  ai-e  infusi- 
ble.    With  the  fluxes  many  varieties  give  reactions  for  iron  and  manganese.     Fuse<l  w  ith 
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a  mixture  of  potassium  bisulpbate  and  fluor-spar  gives  a  distinct  reaction  for  boric  acid. 
Not  decomposed  by  acids. 

Diflf.  — Characterized  by  its  crystallization,  prismatic  forms  usual,  which  are  three-,  nix-, 
or  nine-sided,  and  often  with  rhombohedrul  terminations ;  massive  forms  with  columnar 
structure;  also  by  absence  of  cleavage  (unlike  amphibole  and  epidote);  in  the  commou 
black  kiuds  by  the  coal-like  fracture;  by  hardness;  by  difficult  fusibility  (commou  kinds), 
compared  with  garnet  and  vesuvianite.     The  boron  test  is  conclusive. 

Readily  distinguished  in  thin  sections  by  its  somewhat  high  relief;  rather  strong  inter- 
ference-colors; negative  uuiaxial  character;  decided  colors  in  ordinary  light  in  which  basal 
sections  often  exhibit  a  zonal  structure.  Also,  especially,  by  its  remarkable  absorptiou 
when  the  direction  of  crystal  elongation  is  ±  to  the  vibration-plane  of  the  lower  uicol;  this 
with  its  lack  of  cleavage  distinguishes  it  from  biotitc  and  amphibole,  which  alone  among 
rock-making  minerals  show  similar  strong  absorption. 

Oba. 'Commonly  found  in  granite  and  gneisses  as  a  result  of  fumarole  action  or 
of  mineralizing  gases  iu  the  fluid  magma,  especially  in  the  pegmatite  veins  associated 
with  such  rocks;  at  the  periphery  of  such  masses  or  iu  the  schists,  or  altered  limestones, 
gneisses,  etc.,  immediately  adjoining  them.  It  marks  especially  the  boundaries  of  granitic 
masses,  and  its  associate  minerals  as  those  characteristic  of  such  occurrences:  quartz,  albite, 
microcline,  muscovite,  etc.  The  variety  in  granular  limestone  or  dolomite  is  commonly 
brown;  the  bluish- black  var.  sometimes  associated  with  tin  ores;  the  brown  with  titanium; 
the  lithium  variety  is  often  associated  with  lepidolite.  Red  or  green  varieties,  or  both,  occur 
near  Ekaterinburg  in  the  Ural ;  Elba ;  Campolongo  in  Tessin,  Switzerland ;  Peni^*. 
Saxony;  als)  the  province  Minas  Geraes,  Brazil;  yellow  and  brown  from  Ceylon;  dark 
browu  varieties  from  Eibenstock,  Saxony;  the  Zillerthal;  black  from  Areudal,  Norway; 
Saarum;  KragerO;  pale  yellowish  brown  at  Windisch  Kappel  in  Carinthia;  fine  black 
crystah  occur  in  Cornwall  at  different  localities. 

In  the  U.  States,  in  Maine  at  Paris  and  Hebron,  magnificent  red  and  ^recn  tourmalinea 
with  lepidolite,  etc.;  also  blue  and  pink  varieties;  and  at  Norway;  ])iuk  at  Rum  ford, 
embedded  in  lepidolite;  at  Auburn  in  clear  crystals  of  a  delicate  pink  or  lilac  with  lepido- 
lite. etc.;  at  Albany,  green  and  black.  In  i/aj«.,  at  Chesterfield,  red,  green,  and  blue;  at 
Gj^heu,  blue  aud  green;  at  Norwich,  New  Braintree,  and  Carlisle,  good  black  crystals.  Iu 
If,  Himp.,  Grafton,  Acworth;  at  Orford,  brownish  black  in  steatite.  In  Conn,,  at  Monroe, 
dark  bDwn  in  mica -slate  ;  at  Haddam.  black  in  mica  slate;  also  fine  pink  and  ^reen;  at 
New  Milford,  black.  In  N,  York,  near  Gouvemeur,  brown  crystals,  with  tremoTite.  etc., 
in  granular  limestone;  black  near  Port  Henry,  Essex  Co.;  near  Eden ville;  splendid  black 
crystals  at  Pierrepont,  St.  Lawrence  Co.;  colorless  and  glassy  at  De  Kalb;  dark  brown  at 
McComb.  In  N.  Jer$ey,  at  Hamburg  and  Newton,  black  and  brown  crystals  iu  limestone^ 
with  spinel:  also  grass-green  crystals  in  crystalline  limestone  near  Franklin  Furnace.  Iu 
Penii.,  at  Newlin,  Chester  Co.;  near  Union  ville,  yellow;  at  Chester,  fine  black;  Middle- 
town,  black;  Marple.  green  in  talc;  near  New  Hope  on  the  Delaware,  lai-ge  black  crystals. 
A  chrome  v  ir.  from  the  chromite  beds  in  Montgomery  Co.,  Maryland.  In  N,  Car.,  Alex- 
ander  Co..  in  fine  black  crystals  with  emerald  and  niddenite.  In  California,  tine  groups 
of  ruballite  in  lepidolite  in  Sun  Diego  Co. 

In  Canada,  iu  the  province  of  Quebec,  yellow  crystals  in  limestone  at  Calumet  Falls, 
Litchfield.  Pontiac  Co.;  at  Hunterstown;  fine  brown  crystals  at  Clarendon,  Pontiac  Co.; 
black  at  Greii ville  and  Argenteuil,  Ar^enteuil  Co.  In  Ontario,  in  fine  crystals  at  N.  Bur- 
gess. Lanark  Co.;  Galway  and  Stoney  L.  in  Dummer,  Peterborough  Co. 

The  name  turmalin  from  Turamali  in  Cingalese  (applied  to  zircon  by  jewelers  of 
Ceylon)  was  introduced  into  Holland  in  1703,  with  a  lot  of  gems  fioyi  Ceylon. 

Dumortierite.     A  basic  aluminium  silicate,  perhaps  4Al90a.8Si09. 

Orthorhombic.  Prismatic  angle  approximately  60°.  Usually  in  fibrous  to  columnar 
aggregates.  Cleavage:  a  distinct;  also  prismatic,  imperfect.  H.  =  7.  Q.  =  8*26-3  86. 
Luster  vitreous.  Color  bright  smalt-blue  to  greenish  blue.  Transparent  to  translucent. 
Pleochroism  very  strong:  c  colorless,  b  reddish  violet,  a  deep  ultramarine-blue.  Exhibits 
idiophanous  figures,  analogous  to  andalusite.  Optically  — .  Ax.  pi.  \  b.  Bx  ±  e. 
y-  a=0  010. 

Recognized  in  thin  section  by  its  rather  high  relief:  low  interference-colors  (like  those 
of  quartz);  occurrence  in  slender  prisms,  needles  or  fibers,  with  negative  optical  extension; 
parallel  extinction;  biaxial  character  and  especially  by  its  remarkable  pleochroism. 

Found  embedded  in  feldspar  in  blocks  of  gneiss  at  Chaponost.  near  Lyons.  France; 
from  Wolfshau,  near  Schmiedeberg,  Silesia;  in  the  iolite  of  the  gneiss  of  Tvedestrand, 
Norway.  In  the  U.  S.,  it  occurs  near  Harlem.  New  York  Island,  m  the  pegmatoid  por- 
tion of  a  biotite  gneiss;  in  a  quartzose  rock  at  Clip,  Yuma  Co.,  Arizona. 
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STAUBOUTS.    Stuirottde. 
Orthorhombio.    Axes  (i:l:i  =  0-4734  : 
mm'",  110  A  110  =    WW.  « 

tY,      101  A  iOl  =  110°  82".  w 

Twins  cruciform:    tw.  pi.  x  (032),  the  crystalfl  crossing  nearly  at  right 
■angles;  tw.  pi.  z  (232),  croBsing  at  an  angle  of  60°  approTimately;  tw.   pL 
y  (230)  rare,  also  in  repeated  twins  (cf.  Figs.  359,  p.  132,409,  p.  128, 411,  p.  129). 
<3rf8taU  commonly  prismatic  and  flattened  \  h;  often  with  rough  surfacMB. 
87B.  879.  BBO. 


Cleavage :  &  distinct,  bnt  interrupted 
8«l.  ^-'""    ^  - 


A. 


_  .,  intraces.  Fracture subconchoidaL 
Brittle.  H.  =  7-7-5.  G.  =  3-65-3-77.  Subvitroons, 
inclining  to  resinous.  Color  dark  reddish  brown 
to  brownish  black,  and  yellowish  brown.  Streak 
nncolored  to  grayish.  Translucent  to  uearlv  or 
quite  opaqne.  PleochroUm  distinct:  c  (=  ^)  nya- 
omth-red  to  blood-red,  a,  b  yellowish  red ;  or  c  gold- 
yellow,  a,  b  light  yellow  to  colorless.  Optically  +. 
Ax.  pl.||«.  Bxlc.  2H^,  =  113"  10'.  /?  =  1-75, 
Y  —  a  =  0012. 

Comp.—HFe A  1,81,0,,,  which  may  be  written 
(AIO).(A10U)Fe(SiO,),  or  H,0.2Fe0.5Al,0,.4SiO. 
=  Silica  26-3,  alnmina  55-9,  iron  protoxide  15-8, 
water  2-0  =  100  Penfield.  Magnesium  (also  man- 
ganese) replaces  a  little  of  the  ferrous  iron;  ferric 
iron  part  of  the  aluminium. 

Nordmarkiu  frum  Nordnurk,  Sweden,  conUtDa  maDgm- 

Pyr..  Bte,— B,B.  lafualblc,  excepting  the  mangaiiefllan  Tsrlety.  which  fuses  easily  to  a 
black  magnetic  glass.  With  the  fluxes  gives  reaclfoDs  for  iron,  and  aometlmes  for  man- 
ganese.    I iiiperrectl^' decomposed  by  sulphurtc  acid. 

Diff,— Charactenzed  by  the  obtuse  prism  (unlike  andaliisite,  whtcb  Is  nearly  square):  by 
the  frequeucy  of  twinning  forms;  by  hardness  and  infusibllity. 

Under  thu  microscope,  sections  show  a  decided  color  (yellow  tored  or  brown)  and  strong 
plcochrotsm  (vellow  and  reil);  also  characterized  bv  strong  refraction  (liirh  relief),  rather 

■^  ■  ■     -        -'  '  •■■     ■-'   "-■po8ltl»e  in 

ilaxlal  char- 


/ 


briglit  Interference-colors,  parallel   extinction  and  biaxial  cliamcter  (generally  poaiti' 

-       "      ■'       -'    'wution).     E ...-.- 

Erierenee-coli 


»Uc  direction  of  el  or 


Easily  distinguished  from  rutile  (p,  S45) 


(generally 
5)  by  Its  bl 


6b«. — Usually  found  in  crystalline  sebisls,  as  mica  schist,  argillaceous  schist,  and  gneiss. 
as  a  result  of  regional  or  contact  melaraorphlsn;  often  associated  with  garnet,  sillimaalte, 
eyanite,  and  tourmaline.  Bomelimes  encloses  symmetrically  arranged  carbonaceous  Im- 
purities like  andaliisite  (p.  48E).  Other  impurities  are  also  often  present,  especially  silica, 
sometimes  up  to  30  to  40  p.  c. :  also  garnet,  mica,  and  perhaps  magnetite,  brooklte. 

Occurs  with  cyaaitelD  paragonite  schist,  at  Mt,  Campions.  Switzerland;  in  the  Zlllerlhal, 
Tyrol:  Goldenateln  In  Moravia:  Ascliaffeuburg.  Bavaria;  in  large  twin  crystals  in  the  mica 
■cutis  of  Brittany  and  Bcotland.    In  the  province  of  Hina*  Geraes,  Brazil. 
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Abuudant  throughout  the  mica  schists  of  New  England.  In  Maine,  at  Windham.  la 
N.  Hamp.,  brown  at  Franconia;  at  Lisbon;  on  the  shores  of  Mink  Pond,  loose  in  the  soiL 
Ib  Ma$».,  at  Chesterfield,  in  fine  crystals.   In  Conn.,  at  Bolton,  Vernon,  etc. ;  Southbury  with 

farnels;  at  Litchfield,  black  crystals.     In  N.  Carolina,  near  Franklin,  Macon  Co.;  also  in 
[adison  and  Clay  counties.     lu  Georgia,  in  Fannin  Co.,  loose  in  the  soil  in  fine  crystals. 
Named  from  oravpds,  a  cross. 

Eom«rupine.  MgAltSiO«.  In  fibrous  to  columnar  aggregates,  resembling  silli- 
manite.   H.  =  6-5.   G.  =  3'273kornerupine;  3'341  prismatine.   Colorlessto  white,  or  brown. 

Kornerupine  occurs  at  Fiskernfts  on  the  west  coast  of  Greenland.  Friimatine  is  from 
Waldheim,  Saxony. 

Sapphirine.  MgaAlnSisOsT.  In  indistinct  tabular  cirstals.  Usually  in  dissem- 
inated grains,  or  aggregations  of  grains.  H.  =  7*5.  G.  =  8'42-8'48.  Color  pale  blue  or 
green.    From  Fiskernfts,  southwestern  Greenland. 


SIIilOATES. 
Section  B.     Chiefly  Hydrous  Species. 


The  Silicates  of  this  second  section  include  the  true  hydrous  compounds, 
that  is,  those  which  contain  water  of  crystallization,  like  the  zeolites;  also  the 
hydrous  amorphous  species,  as  the  clays,  etc.  There  are  also  included  certain 
species — as  the  Micas,  Talc,  Kaolinite — which,  while  they  yield  water  upon 
ignition,  are  without  doubt  to  be  taken  as  acid  or  basic  metasilicates,  orthosili- 
cates,  etc.  Their  relation,  however,  is  so  close  to  other  true  hydrous  species 
that  it  appears  more  natural  to  include  them  here  than  to  have  placed  them 
in  the  preceding  chapter  with  other  acid  and  basic  salts.  Finally,  some 
species  are  referred  here  about  whose  chemical  constitution  and  tne  part 
played  by  the  water  present  there  is  still  much  doubt.  The  divisions  recog- 
nized are  as  follows : 

I.  Zeolite  Division. 

1.  Introductory  Subdivision.    2.  Zeolites. 

II.  Mica  Division. 

1.  Mic»  Group.    2.  Clintonite  Group.    3.  Chlorite  Group. 

III.  Serpentine  and  Talc  Division. 

Chiefly  Silicates  of  Magnesium. 

IV.  Kaolin  Division. 

Chiefly  Silicates  of  Aluminium;  for  the  most  part  belonging  to  the  group 
of  the  clays. 

V.  Concluding  Division. 

Species  not  included  in  the  preceding  divisions;  chiefly  silicates  of  the 
heavy  metals,  iron^  manganese,  etc. 


I.  Zeolite  Division. 

1.  Introductory  Subdivision. 

Of  the  species  here  included,  several,  as  ApophylHte.  Okenite,  etc.,  while  not  strictly 
2B0LITE8,  are  closely  related  to  them  Id  composition  and  method  of  occurrence.  Pectolite 
<p.  895)  and  Prehnite  (p.  442)  are  also  sometimes  classed  here. 
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bwdte.  S(Hii,C&}SfO,  +  H,0.  CryitaU  small,  prUmatic;  alto  flbtou*.  radiated  and 
■pherultiic.  H.  =6.  ».  =  81)3(1.  Color  rose-  to  ffetb-red.  Occure  at  the  iDaDganea» 
mtuw  near  Dlllenburg,  Oermooy.  BhodotUOt  b  tlie  >ame  apedea  from  tbe  Haratlg  mine, 
Fajsberg,  Sweden. 

OanopbrUlte.  eH,0.7HaO.AJiO,.eS10i.  la  abort  pritmatlc  ciyUaU:  also  foliated, 
mlcaceoua.  Color  bronn.'  H.  s  4-4 '5.  G.  =  2-84.  From  tbe  Haretig  miDe,  near  Paja- 
berg,  Sweden. 

Okanlta.  H(Cagl,0,  4-  HiO,  Cominonly  Obroiu ;  alao  compact  H.  =  4-6-5. 
O.  =  2*38-2'36.  Color  white,  wiib  a  abade  of  yellow  or  blue.  Occurs  in  baaalt  or  related 
eruptive  rocka;  na  Id  the  FOrOer;  Icelaud;  Diako.  QreeDlaod:  Poona,  India,  eic. 

ayroUU.  H,Ch,B1iO>  +  H,0.  In  wblte  concretlona,  lamellar-radiate  in  ■trncture. 
From  the  Isle  of  Skye,  with  itilblte,  laumoDtlle,  etc.;  in  India,  etc.  With  apopliyllita  of 
New  Almadeii,  Caliromla;  alao  N.  Scotia. 


Tetragonal.     Axis  6  =  1-3515. 

ay,   100  A  810  =  18°  StT.  op,  100  A  111  =  M°  0*. 

q),  001  A  111  =  «0'  83'.  p^.   111  a  iH  =  78*  tf. 

883.  884. 


^^^ 


Habit  varied ;  in  square  priems  (n)  usually  ehort  and  terminated  by  c  or  by 
cp,  and  thon  resembling  u  cube  or  cu bo-octahedron;  also  acute  pyrnmidal  {p) 
with  or  without  c  and  a;  less  often  thin  tabular  |  c.  Faces  c  often  rough;  a 
bright  but  vertically  striated ;  p  more  or  less  uneven.  Also  niassive  and 
lamellar;  rarely  concentric  radiated. 

Cleavage:  c  highly  perfect;  m  less  so.  Fracture  uneven.  Brittle.  H.  =  4  5-5, 
G.  =  2'3-2-4.  Luster  of  c  pearly;  of  other  faces  vitreous.  Color  white,  or 
grayish;  occasionally  with  a  greenish,  yellowish,  or  rose-red  tint,  flesh-red. 
Transparent;  rarely  nearly  opaque.  Birefringence  low;  usually  -\-,  also  — . 
Often  shows  anomalous  optical  characters  (Art.  411,  Fig,  565).  Indices: 
o3,  =  l-530il  Li,     e,  =  1-5332. 

Comp.— U,KCa.(SiO,),  +  4iH,0  or  K,0.8Ca0.16SiO,.16H,0  =  Silica  53-7, 
lime  25-0,  potash  5-2,  water  16'1  =  100.  A  small  amount  of  fluorine  replaces 
part  of  tlie  oxygen. 

Tbe  above  formula  dlffera  but  little  from  H,GaSIiO.  -|-  H,0,  lii  wlilch  i>olassIum 
replaces  pnn  of  tlie  bnsic  bjdroeen.  Tbe  form  often  accepted,  Hi(Ca,E|6i,0. -f  HtO, 
corresponds  less  well  with  the  analyses. 

VjT..  etc.— In  tbe  closed  lube  exfoliates,  whitens,  and  yields  water,  which  reacts  acid. 
!□  the  open  tube,  when  fused  with  salt  of  phosphorus,  gives  a  fluorine  reaclfou.    B,B. 
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exfoliates,  colors  the  flame  violet  (potasb),  and  fuses  to  a  white  vesicular  euamel.     F.  =  1  5. 
Deconiposed  by  hydrochloric  acid,  with  sepaiaiiou  of  slimy  silica. 

DifiT — Characterized  by  its  tetragoual  form,  the  square  prism  and  pyramid  the  common 
habits;  by  the  perfect  basal  cleavage  aud  pearly  luster  on  this  surface. 

Oba. — Occui-s  commonly  as  a  secoudary  uiineral  iu  basalt  and  related  rocks,  with 
various  zeolites,  also  datolite,  pectolite,  calcite  ;  also  occasionally  iu  cavities  in  granite, 
gneiss,  etc.  Greenland,  Iceland,  the  F&rOer,  and  British  India  afford  fine  specimens  of 
apophyllite  iu  amygdaloidal  basalt  or  diabase.  Occurs  also  at  Andreasberg,  of  a  delicate 
.  pink;  liadauthal  in  the  Harz;  at  Orawitza,  Hungary,  with  wollastonite;  UtO,  Sweden;  on 
the  Seisser  Alp  in  Tyrol;  Guanajuato,  Mexico,  often  of  a  beautiful  pink  upon  amethyst. 

In  the  U.  8.,  large  crystals  occur  at  Bergen  Hill,  N.  J.;  in  Penn.,  at  the  French  Creek 
mines.  Chester  Co.;  at  the  ClLff  mine.  Lake  Superior  region;  Table  Mt.  near  Golden,  Colo.; 
in  California,  at  the  mercury  mines  of  New  Almaden  often  slained  brown  by  bitumen; 
also  from  Nova  Scotia  at  Cape  Blomidon,  and  other  poiuts. 

Named  bv  HaCly  in  allusion  to  its  tendency  to  exfoliate  under  the  blowpipe,  from 
^7c6  aud  (f>JXXoVy  a  leaf.  Its  whitish  pearly  aspect,  resembling  the  eye  of  a  tish  after 
boiling,  gave  rise  to  the  earlier  name  IcJUJiyaphifnUmiU,  from  ix^vi.fish,  uipQaXjuoi,  eye. 

2.  Zeolites. 

The  Zeolites  form  a  family  of  well-defined  hydrous  silicates,  closely  re- 
lated to  each  other  in  composition,  in  conditions  of  formation,  and  hence  in 
method  of  occurrence.  They  are  often  with  right  spoken  of  as  analogous  to 
the  Feldspars,  like  which  they  are  all  silicates  oi  aluminium  with  sodium  and 
<;alcium  chiefly,  also  rarely  barium  and  strontium;  magnesium,  iron,  etc.,  are 
absent  or  present  only  through  impurity  or  alteration.  Further,  the  com- 
position in  a  number  of  cases  corresponds  to  that  of  a  hydrated  feldspar;  while 
fusion  and  slow  recrystallization  result  in  the  formation  from  some  of  them  of 
anorthite  (CaAl,Si,0,)  or  a  calcium -albite  (CaAl,Si,0,  J  as  shown  by  Doelter. 
The  Zeolites  do  not,  however,  form  a  single  group  of  species  related  in  crystal- 
lization, like  the  Feldspars,  but  include  a  number  of  independent  groups 
widely  diverse  in  form  and  distinct  in  composition  ;  chief  among  these  are 
the  monoclinic  Phillipsitb  Group;  the  rhombohedral  Chabazite  Group, 
and  the  orthorhombic  (and  monoclinic)  Natrolite  Group.  A  transition  in 
oomposition  between  certain  end  compounds  has  been  more  or  less  well 
ostablished  in  certain  cases,  but,  unlike  the  Feldspars,  with  these  species  calcium 
and  sodium  seem  to  replace  one  another  and  an  increase  in  alkali  does  not 
necessarily  go  with  an  increase  in  silica. 

Like  other  hydrous  silicates  they  are  characterized  by  inferior  hardness, 
ohiefly  from  3*5  to  5*5,  and  the  specific  gravity  is  also  lower  than  with  coiTe- 
sponding  anhydrous  species,  chiefly  2*0  to  2*4.  Corresponding  to  these  charac- 
ters, they  are  rather  readily  decomposed  by  acids,  many  of  them  with  gela- 
tin ization.  The  intumescence  B.B.,  which  gives  the  name  to  the  family  (from 
QeiVy  to  hoiU  and  Xi^oSy  stone)  is  characteristic  of  a  large  part  of  the  species. 

The  Zeolites  are  all  secondary  minerals,  occurring  most  commonly  in 
cavities  aud  veins  in  basic  igneous  rocks,  as  basalt,  diabase,  etc.  ;  less  fre- 
quently in  granite,  gneiss,  etc.  In  these  cases  the  lime  and  the  soda  in  part 
have  been  chiefly  yielded  by  the  feldspar;  the  soda  also  by  elsBolite,  sodalite, 
«tc. ;  potash  by  leucite,  etc.  The  different  species  of  the  family  are  often  asso- 
ciated together;  also  with  pectolite  and  apophyllite  (sometimes  included  with 
the  zeolites),  datolite,  prehnite  and,  further,  calcite. 

PtUoUte.  RAl,SiioO,4  +  6H,0.  Here  R  =  Ca  :  K, :  Na,  =  6  :  2 : 1  approx.  In  short 
capillary  needles,  aggregated  in  delicate  tufts.  Colorless,  white.  Occurs  upon  a  bluish 
chalcedoDy  in  cavities  in  a  vesicular  augite-andesite  found  in  fragments  in  the  conglom- 
erate beds  of  Green  and  Table  mountains,  Jefferson  Co.,  Colorado. 

Mordenite.  8RAl,SiiaOs4  +  ^H,0,  where  R  =  E. :  Na,  :  Ca  =  1 : 1 : 1.  In  minute 
crystals  resembling  heulandite  in  habit  aud  angles;  also  in  small  hemispherical  or  reoi- 
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form  concretions  with  fibrous  structure.  H.  =  8-4.  G.  =  2*15.  Color  white,  yellowlsb 
or  pinkish.  Occurs  near  Morden,  King's  Co.,  Novu  Scotia,  in  trap;  also  in  western  Wyo- 
ming near  Hoodoo  Mt.,  on  the  ridge  forming  the  divide  between  Clark's  Fork  and  the 
East  Fork  (Lamar  R.)  of  the  Yellowstone  riyer. 


HBUIaANDim.    Btilbite  iome  auihar$. 
Monoclinic    Axes:  A:t:d=  04035  :  1  :  0-4293;  /?  =  88**  34^'. 

886.  mw"',  110  A  HO  =  48'  56'.  us.  001  A  201  =  66"    O'. 

a,        001  A  201  =  68'  40'.  ex,  001  A  021  =  40"  88J', 

Orystals  sometimes  flattened  |  b,  the  surface  of  pearly  luster 
(Fig.  886;  also  Fig.  22,  p.  11) ;  form  often  suggestive  of  the  ortho- 
rhombic  system,  since  the  angles  cs  and  ci  diner  but  little.  Also 
in  globular  forms;  granular. 

Cleavage:  b  perfect.  Fracture  subconchoidal  to  uneven. 
Brittle.  H.  =  3-6-4.  G.  =2-18-2 -22.  Luster  of  b  strong 
pearly;  of  other  faces  vitreous.  Color  various  shades  of  white> 
passing  into  red,  gray  and  brown.  Streak  white.  Transparent 
to  subtranslucent.  Optically  +•  Ax.  pi.  and  Bx.  J.  b.  Ax.  pL 
and  Bxo  for  some  localities  nearly  U  c;  also  for  others  nearly  J^c  in  white 
light  (Dx.).  BXo  A  <J  =  +  57^**.  Axial  angle  variable,  from  0°  to  92^;  usually 
2Er  =  52^     Birefringence  low.     /?  =  1-499;  ^^  -  a  =  0007. 

Comp.— H,CaAl,(SiO.).  +  3H,0   or  5lI.O.CaO.A1.0,.6SiO.  =  SUica  59-2^ 
alumina  16*8,  lime  9-2,  water  14-8  =  100. 

Strontium  is  usually  present,  sometimes  up  to  8*6  p.  c. 

Pyr.— As  with  stilbite,  p.  457. 

Obs.— Heulaudite  occurs  principally  in  basaltic  rocks,  associated  with  chabazite,  stil- 
bite  and  other  zeolites;    also  in  gneiss,  and  occasionally  in  metalliferous  veins. 

Tlie  finest  specimens  of  this  species  come  from  Berufiord,  and  el.«4ewhere  in  Icehmd; 
the  FarOer;  in  British  India,  near  Bombay:  also  in  railroad  cuttings  in  the  Blior  and  Thul 
Glidts.  Also  occurs  in  the  Kilpatrick  Hills,  near  Glasgow;  on  the  I.  of  Skye;  Fassathal» 
Tyrol;  Andreasberif,  Uarz. 

In  the  United  Sta'es,  in  diabase  at  Bergen  Hill.  New  Jersey;  on  north  shore  of  Lake 
Superior;  with  huydenite,  at  Jones's  Falls,  near  Baltimore  {beaumontite).  At  Peler's  Point, 
NovH  Scotia;  also  at  Cape  Blomiilon,  and  other  ]>oiuts. 

Named  after  the  Enizlish  mineralogiciil  collector,  H.  Hculand,  whose  cabinet  was  the 
basis  of  the  classical  work  (1837)  of  Levy. 

Brewsterite.  H4(Sr.Ba,CH)AlaSi«0,(,-|-3HaO.  In  prismatic  cry.stals.   H  =5.  G.  =  2*45. 

Color  white,  inclining  to  yellow  and   gray.     From  Strontian  in  Argyleshire;  the  Giant's 
Causeway;  near  Freiburg  in  Breisgau,  etc. 

EpistUbite.  Probably  like  heulandite,  H4CaAl,Si«0,s  4- 3HaO.  Crystals  monoclinic, 
uniformly  twins;  habit  prisujatic.  In  radiated  spheric^il  aggregations;  also  granular. 
G.  =  2'25.  Color  white.  Occurs  with  scolecite  at  tlie  Berufiord,  Iceland;  the  FftrOer; 
P(K)na,  India;  in  small  reddish  crystals,  at  Margaret ville,  N.  Scotia,  etc,  Itemite  is  from 
Suntorin. 


Pliillipsite  Group,     Monoclinic. 

Wellsite  (Ba,Ca,K,)Al,Si,0,„  +  311,0  0708    :  1  :  1*245  53°  27' 

Phillipsite  (K„Ca)Al,Si,0.,  +  4iII,0  0-7095  :  1  :  1  2563  55°  37' 

Harmotome  (K„Ba)Al,Si,0,,  +  511,0  0-7032  :  1  :  1-2310  55°  10' 

Stilbite  (Na„Ca)Al,Si.O,,  +  CII,0  0-7023  :  1  :  11940  50°  50' 

Tlie  above  species,  wliilo  crystallizing  in  the  monoclinic  system,  are  remark- 
able for  the  pseudo-symmetry  exhibited  by  their  twinned  forms.     Certain  of 
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these  tmns  are  pseudo-orthorhombic,  others  pseudo-tetragonal  aud  more  com- 
plex twins  even  pseu do- isometric. 

Frosbuius  haa  shown  tliat  tlie  species  of  Ilils  group  xaay  be  regarded  ns  rormiDg  u  seriex, 
in  which  llie  ratio  of  RO  :  Al.O.  is  coasUnt  (=  1  :  1),  and  that  o(  SiO. :  H,0  ulso  cltieUy 
1 :  1.    The  end  couipouuds  assumed  liy  him  are : 

BAl.Si.Oi.  +  6H,0;  R,A.1.S1.0,.  +  6B,0. 
Here  R  —  Ca  cbieB;,  in  phillipeite  and  stilblte,  Ba  la  barmotouie,  while  in  wellsite  Bu. 
Ca,  imdKiure  present;  also  in  smaller  amounts  Noi,  Ei.  The  Urst  of  ibf  above  coinpmiiids 
Diav  be  regarded  as  a  hydrated  calcium  albile,  the  second  as  a  bydraleil  anorihile.  Pratt 
ana  Fuolc,  however,  show  that  the  auorthile  end  compound  more  probably  has  ibe  formula 
RAIiSiiOi  +  SHiO  (or  this  doubled).  The  formulas  givea  beyond  are  those  correspoDdiug 
to  reliable  ttnalysus  of  certain  typical  occurrences. 

WeUsilo.     RAl,Si,0„  +  3H,0  with  B  =  Ca  :  Ba :  K,  = 
present   in   small    amount.     Percentage   com-  c,_- 

posltion;  SiO,  43-9.  Al,0.  34-8,  BaO  6-6.  CiiO  ■""' 

7-3.   K,0   61,   H,0   13-8  =  100.      Monoclinlc  '■ 

(axes  p.  454);  in  complex  twins,  analogous  to 
those  of  philllpsite  niid  hnrmotome  (Figs.  887, 
888).  Brittle.  No  cleavuge.  H,  =  4-45. 
O.  =  3-278-3-8&6.  Luster  vitreous.  Colorless 
to  white.  Optically  +-  Bx.  ±  b  (010).  Bi- 
refringence weak. 

Occurs  at  the  Buck  Creek  (Cullakaiiee) 
corundum  mine  in  Clay  Co.,  No.  Carolina;  in 
isolated  crystals  attacbed  to  feldspar,  also  to 
hornblende  and  corundum;  intimately  asso- 
ciated with  cbnbazite. 


Br  and  Na  also 
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Monoclinic. 

Axes  &  : 

;i; 

;(^  =  0 

•7095  ; 

;  1  : 1-2563; 

;  /» 

=  55" 

37'. 

BB9. 

mn 

.'",  no 

A  lio 

=  60"  42". 

om. 

001  A 

no 

=  60° 

50-. 

/^ 

<^. 

100 

Aioi 

=  34'' ay. 

etf. 

Oil  A 

Oil 

=  98'' 

4'. 

Crystals  uniformly  penetration- twins,  but  often 
simulating  orthorhombic  or  tetragonal  forms.  Twins 
Gometimes,  but  rarely,  simple  (I)  with  tw.  pi.  c,  and 
\  then  cruciform  so  that  diagonal  parts  on  b  belong 
together,  hence  a  fourfold  striation,  ||  edge  b/m,  may  be 
often  observed  on  ft.  (2)  Doable  twins,  the  simple  twine 
just  noted  united  with  e  (Oil)  as  tw.  p].,  and,  since  ee' 
Taries  but  little  from  90°,  the  result  is  a  nearly  square 
prism,  terminated  by  what  appear  to  be  pyramidal  faces 
each  with  a  double  aeries  of  strtations  away  from  the  medial  line.  See  Figs. 
422-134,  p.  130;  also  Fig.  362,  p.  133.  Faces  b  often  finely  striated  as  jnst 
noted,  but  striations  sometimes  absent  and  in  genera!  not  so  distinct  as  with 
harmotome;  also  ni  striated  Q  edge  h/m.  Crystals  either  isolated,  or  grouped 
in  tufts  or  spheres,  radiated  within  and  bristled  with  angles  at  surface. 

Cleavage:  c,  b,  rather  distinct.  Fracture  uneven.  Brittle.  H.  =  4-4*5. 
G.  =  3"2.  Luster  vitreous.  Color  white,  Bonietimes  reddish.  Streak  uncolored. 
Translucent  to  opaque.  Optically  +.  Ax.  pi.  and  Bx„_L&.  The  ax:  pi.  lies 
in  the  obtuse  angle  of  a  i,  and  is  usually  inclined  to  a  about  15°  to  20°,  or  75° 
to  70°  to  the  normal  toe.  The  position,  however,  is  variable.  3H».r  =  71  "-SI". 
Conp.  —  In  sqme  cases  tne  foribnla  is  (E,,Ca)Al,Si.O„  +  4^11,0  = 
Silica  48-8,  alumina  207,  lime  76,  potash  6'4,  water  16'5  =  100.  Her» 
Ca  :  K,  =  2  : 1. 
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Ptt.,  oto.— B.B.  crumble*  niid  tuaea  at  8  to  a  wblte  coamcl.    Gektlutzea  vltb  hydrc»- 
cblorlc  acid. 

Oba. — Id  tr&DiluceDt  crfBluU  tn  basalt,  at  tbe  Gfant'B  Csusenay,  Irelaud  :   i 
"lOve,  near  Rome;  Aci  CaalcUo  and  elsewbere  Id  Sicily:  on      -  -■  -  '  ---    ■  '■■- 

t  Sleiiipel.   uear  Uarburg;   Auuerod,  nur  QlcueU;   In  Ui 
Salal,  Buliemln;  iu  iLe  aodeDt  lava*  of  Uiii  Pur-de-DAme. 


Woiioclinic.    Aiea  d:ti:6  =  0-7031 :  1  : 1-2310;  0  =  55"  10'. 

CrystalB  uiiiformly  craciform  penetratiOD-tviuE  with  c  as  tw.  pi.;   either 

(1)  simple  twins  (Fig.  890)  or  (2)  aiiited  as  fourlings  with  tw.  pi.  e.  These  double 

890.  twius  often  have  the  aspect  of  a  square  prism  with  diagonal 

pyramid,  tbe  latter  with  characteristic  feather-like  etriationa 

from  the  medial  line.    Also  ia  more  complex  groups  analogoiu 

I  to  those  of  phillipsite. 

1  Cleavage:  b  easy,  c  less  so.  Fracture  uneven  to  sabcon- 
choidal.  Brittle.  E.  =  45.  O.  =  244-2-50.  Luster  vitreous. 
'  Color  white;  passing  into  gray,  yellow,  red  or  brown.  Streak 
white.  Subtransparent  to  translucent.  Optically  +.  Ax. 
pi.  and  Bz.  J.  b.  Ax.  pi.  in  obtuse  angle  a  i  and  inclined 
about  65"  to  a  and  60°  to  6.  2H„  =  87°  2'.  0  =  1-516. 
Comp.— In  part  H,(K„Ba)Al,Si,0„  +  4H,0  or  (K„Ba)0. 
AI,O,.5Si0,.5H,O  =  Silica  471,  alumina  16 0,  baryta  206,  potaah  21,  water 
141  =  100. 

Pyr.,  Bto.— B.B.  whlteni,  tlien  cnimblea  and  fiiaea  wtllioiit  IntumosceDce  at  36  to  a 
while  (raueluceiii  elua.  Some  varletiet  phoepborescc  when  healed.  Decompoied  liy 
bydnichloTlc  acid  witliout  gelatlalilnii. 

Obi.— Occun  in  basalt  and  Blmllar  erupttve  rocka,  alio  pbouollle,  tracbyte :  not 
111  frequently  on  gnelis,  nod  In  Bome  metalUferoua  veini.  Al  Siroullun,  in  Bcotlaod;  Id  a 
inehilliferniin  Teiii  lit  Andrenaberg  In  the  Harz;  at  KudeUlndl,  Silesia;  Oberstein,  OD  agate 
Id  nilicccmsgiMHifs;  at  Kniinsbcrg.  Norway. 

Ill  tlie  U.  8..  in  sriiiiU  brown  eryBlals  with  stilhite  on  tbe  gneia*  of  New  York  island; 
nt-ar  Vi.  Artliiir,  L.  Superior. 

Namctl  from  dn/ioi,  joint,  and  r^uvfiy,  to  cut,  alluding  lo  llie  fuel  llinl  tbe  pyiamlil 
<mailc  by  tlic  prismatic  faces  in  twinning  position)  divides  parallel  to  ILu  plane  that  {iiissei 
ilirougb  (be  temiinal  edges. 

8TII.BITEI.    Desmine. 

Monoclinic.     Axes:  A -A -.6  =  0-7633  :  1 :  M940;  y3  =  50°  50'. 

CrystaiB  iiniformly  cruciform  penetration -twin  a  with  tw.  \i\.  c, 
;inalopoiia  to  phillipsite  and  harmotoine.  The  apparent  form  a 
rlimiihic  pynmiid  whoBe  faces  are  in  fact  formed  ly  tlie  planes  m 
iimi  III ;  the  vertical  faces  being  then  the  pinacoida  b  and  c  (cf.  Fijis. 
5fi(t-r.H','.  p.  2'?T).  X'sually  thin  tabular  (  b.  'J'hcse  coinpoiiiid 
crystal;*  are  often  grouped  in  nearly  parallel  position,  forniitig  elieuf- 
like  iiggrefrates  with  the  side  face  (b),  showing  its  characteristic 
pearly  luster,  often  deeply  depressed.  Also  divergent  or  radiated; 
sometiiTLOS  globular  and  thin  lamellar-coiumnar. 

Cleartige:  A  perfect.  Fracture  uneven.  Brittle.  II.  =  3-o-4, 
Oi.  .- 3094-';'20r) ;  2-lGl  Ilaid,  Luster  vitreous;  of  b  pearly, 
i'olor  white;  occasionally  yellow,  brown  or  red,  to  brick-red. 
Streak  uiicolored.  Transparent  to  translucent.  Optically  — .  Ai. 
1>I.  f  ''.  Bx.  inclined  5"  to  axis  ()  in  obtuse  angle  ii  /;  hence  Bx,  A  <!  = 
50'.     Ax.  angle  approx.  52°  to  53°  (blue  glass);  yS  =  1-49S. 
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Comp.— For  most  varieties  H,(Na„Ca)Al,Si,0„+  4H,0  or  (Na„Ca)O.Al,0,. 
€SiO,.6H,0  =  Silica  57*4,  alumina  16-3,  lime  7-7,  soda  1*4,  water  17'2  =  100. 
Here  Ca:  Na,  =  6:1. 

Some  kiuds  show  a  lower  perceDtage  of  silica,  and  these  have  been  called  hypo»tiUnU, 

P3n'.,  etc. — B.B.  exfoliates,  swells  up,  curves  into  fan-like  or  vermicular  forms,  and 
fuses  to  a  white  enamel.  F.  =  2-2*5.  Decomposed  by  hydrochloric  acid,  without  gela- 
tinizing. 

Diff. — Characterized  by  the  frequency  of  radiating  or  sheaf-like  forms ;  by  the  pearly 
luster  on  the  clinopinacoia.    Does  not  gelatinize  with  acids. 

Obs. — Stilbite  occurs  mostly  in  cavities  in  umygdaloidal  basalt,  and  similar  rocks.  It  is 
also  found  in  some  metalliferous  veins,  and  inj^ranite  and  ^oeiss. 

Abundant  on  the  FftrOer;  in  Iceland;  on  the  file  of  Skye,  in  amygdaloid;  also  in  Dumbar- 
tonshire, Scotland,  in  red  crystals  ;  the  Giant's  Causeway,  Ireland ;  at  Andreasberg  in  the 
Harz,  and  Kongsberg  and  Arendal  in  Norway,  with  iron  ore  ;  on  the  Seisser  Alp  in  Tyrol, 
and  at  the  Putlerloch  {puflerite);  on  the  granite  of  Striegau,  Silesia.  A  common  mineral 
in  the  Deccan  trap  area  oi  British  India. 

In  North  America,  sparingly  in  small  crystals  at  Chester  and  at  the  Somerville  syenite 
quarries,  Mass. ;  at  Phillipstown,  N.  Y. ;  and  at  Bergen  Hill,  New  Jersey  ;  also  at  the 
Michipicoten  Islands,  Lake  Superior.  At  Partridge  Islaud.  Nova  Scotia;  also  at  Isle 
Haute,  Digby  Neck,  Cape  Blomidon,  etc. 

The  name  $tHbiU  is  from  artX/Ht;,  luster;  and  dennine  from  84<rurf,  a  bundle. 

Oismondite.  Perhaps  CaAUSiiOn  -f  4HsO.  In  pyramidal  crystals,  pseudo-tetragonal. 
H.  =  4*6.  G.  =  2*265.  Colorless  or  white,  bluish  white,  grayish,  reddish.  Occurs  in  the 
leucitophyre  of  Mt.  Albano.  near  Rome,  at  Capodi  Bove,  and  elsewhere,  etc. :  on  the  Gomer 
glacier,  near  Zermatt;  Schlauroth  near  GOrlitz  in  Silesia;  Salesl,  Bohemia,  etc. 

liAUMONTmi.    Leonhardite.    Caporcianite. 

Monoclinic.     Axes  a:t\6-  1-1451  :  1  :  0*5906;  /?  =  68°  46', 
Twins  :  tw.  pi.  a.     Common  form  the  prism  m  (mm'''  =  93°  44')  with 
oblique   termination   e,  501  {ce  =  56°  55').     Also  columnar,  radiating  and 
divergent. 

Cleavage:  b  and  m  very  perfect ;  a  imperfect.  Fracture  uneven.  Not 
very  brittle.  H.  =  3*5-4.  6.  =  2*25-2 '36.  Luster  vitreous,  inclining  to 
pearly  upon  the  faces  of  cleavage.  Color  white,  passing  into  yellow  or  gray, 
sometimes  red.  Streak  uncolored.  Transparent  to  translucent ;  becoming 
opaque  and  usually  pulverulent  on  exposure.  Optically  — .  Ax.  pi.  J  b, 
Bx.  A  <i  =  +  65°  to  70°.  Dispersion  large,  p  <v\  inclined,  slight.  2Er  =  52° 
24'. 

Comp.,  Tar.— H,CaAl.Si,0,,+  2H,0  =  4H,O.CaO.A1.0,.4SiO,=  Silica  511, 
alumina  2  IT,  lime  11*9,  water  15-3  =  100. 

Leonhanlite  is  a  laumontite  which  has  lost  part  of  its  water  (to  one  molecule),  and  the 
same  is  probably  true  of  caporcianite.  Schneiderite  is  laumontite  from  the  serpentine  of 
Moute  Catini,  Italy,  which  has  undergooe  alteration  through  the  action  of  magnesian 
solutions. 

P3n'.,  etc.— B.B.  swells  up  and  fuses  at  2 '5-8  to  a  white  enamel.  Gelatinizes  with 
hydrochloric  acid. 

Obs.— Occurs  in  the  cavities  of  basalt  and  similar  eruptive  rocks;  also  in  porphyry  and 
syenite,  and  occasionall}'  in  veins  traversing  clay  slate  with  calcite. 

Its  principal  localities  are  the  FflrOer;  Disko  in  Greenland;  in  Bohemia,  at  Eule  in  clay 
slate;  St.  Gothard  in  Switzerland;  the  Fassathal;  the  Kilpatrick  hills,  near  Glasgow;  the 
Hebrides,  and  the  north  of  Ireland.    In  India,  in  the  Deccan  trap  area,  at  Poona.  etc. 

Peter's  Point.  Nova  Scotia,  affords  fine  specimens  of  this  species.  Found  at  Phippsburg, 
Maine.  Abuodant  in  manv  places  in  the  copper  veins  of  jjake  Sui^erior  in  trap,  and  on 
I.  Royale;  on  north  shore  of  Lake  Superior,  between  Pigeon  B^y  and  Fond  du  Lac.  Found 
also  at  Bergen  Hill,  N.  J. ;  at  the  Tilly  Foster  iron  mine,  Brewster.  N.  Y. 

Lanbanite  CaaAUSiftOit  +  6HsO.  Resembles  stilbite.  H.  =  4*5-5.  O.  =  2*28. 
Color  snow-white.    Occurs  upon  phillipsite  in  basalt  at  Lauban,  Silesia. 
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Chabazite  Group.    Shombohednd. 

Chabazite     (Ca,Na,)Al,Si,0„  +  6H,0,  pt.       SS**  14'      1-0860 

Gmelinite    (Na,Ca)Al,Si,0..  +  6H,0  68°    8'      07345   or  fJ=  1-1017 

levynite      CaAl.Si,0.,  +  5H.0  73°  56'      08357        \b  =  M143 

The  Chabazite  Group  includes  these  three  rhombohedral  species.    The 

fundamental  rhombohedrons  have  different  angles,  but,  as  shown  in  the  axial 

ratios  above,  they  are  closely  related,  since,  taking  the  rhombohedron   of 

Chabazite  as  the  basis,  that  of  Omelinite  has  the  symbol  i(20S3)  and  of 

Levynite  }(3034). 

11)6  variation  in  composition  often  observed  in  the  first  two  species  has  led  to  the  rather 
plausible  hypothesis  that  they  are  to  be  viewed  as  isomorpbous  mixtures  of  the  feldspar-like 
compounds 

(Ca,Na,)Al,Si,0.  -f  4H,0.  (Ca,Na,)Al,8i.O,.  +  8H,0. 


OHABAZrrB. 

Ehombohedral.    Axis  b  =  1-0860;  0001  A  lOll  =  51°  25}'. 


892. 


893. 


894. 


Phacolile. 

Twins:  (1)  tw.  axis  b,  penetration-twins  common.  (2)  Tw.  pi.  r,  contact- 
twins,  rare.  Form  commouly  the  simple  rhombohedron  varyinj^  little  in  angle 
from  a  cube  (;•/•'  =  85°  14');  also  r  and  e  (0112),  (ee'  =  54'"^ 47').  Also  in 
complex  twins  (Fig.  348,  p.  118).     Also  amorphous. 

Cleavage:    r  rather    distinct.      Fracture    uneven.      Brittle.     H.  =  4-5. 

G.  =  2-08-2*16.     Luster  vitreous.     Color  white,  flesh-red;   streak  uncolored. 

Transparent  to  translucent.     Optically  — ;  also  +  (Andreasberg,  also  hayden- 

ite).     Birefringence  low.   The  interference-figure  usually  confused ;  sometimes 

distinctly  biaxial;  basal  sections  then  divided  into  sharply  defined  sectors  with 

dilTerent  oj)tical  orientation.     These  anomalous  optical  characters  probably 

secondary  and  chiefly  conditioned  by  the  variation  in  the  amount  of  water 

present.     Mean  refractive  index  1*5. 

Var  — 1.  Ordinary.  The  most  common  form  is  the  fundamental  rbombobedron.  in 
winch  the  jingle  is  so  near  90*  that  the  crystals  were  at  first  mistaken  for  cubes.  Acadialite^ 
from  Nova  8cotia  { Acadia  of  the  French  of  last  century),  is  a  reddish  chabazite;  sometimes 
nearly  colorless,  llaydenite  is  a  yellowish  variety  in  small  crystals  from  Jones's  Falls,  near 
Baltimore,  Md.  2.  PhncoliU  is  a  colorless  variety  occurring  in  twins  of  hexa.fironal  form 
(Fig.  tS94).  and  lenticular  in  shnpe  (whence  the  name,  from  <pixKu<^,  a  bean);  the  original 
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Comp.—  Somewhat  uncertain,  since  a  rather  wide  variation  is  often  noted 
even  among  specimens  from  the  same  locality.  The  ratio  of  (Ca,Na,,K,)  :  At 
is  nearly  constant  (=  1  :  1),  but  of  Al, :  Si  varies  from  1  :  3  to  1  :  5;  the  water 
also  increases  with  the  increase  in  silica.  The  composition  usually  corre- 
sponds to  (Ca,Na,)  Al,Si^O„  -|-  6H,0,  which,  if  calcium  alone  is  present,  requires : 
Silica  47-4,  alumina  20-2,  lime  ll'l,  water  21-3  =  100.  If  Ca  :  Na  =  1  :  1,  the 
percentage  composition  is:  Silica  47'2,  alumina  200,  lime  5*5,  soda  6*1,  water 
21-2  =  100. 

PoUissium  is  present  in  smnll  amount,  also,  sometimes,  barium  and  strontium.  Slreng 
explains  the  supposed  facts  most  satisfactorily  by  tbe  hypoibesis  that  the  members  of  the 
group  are  isomorpbous  mixtures  analogous  to  tbe  feldsptirs,  as  noted  on  p.  453. 

P3n'.,  etc.— B.B.  iutumesces  and  fuses  to  a  blebby  glass,  nearly  opaque.  Decomposed 
by  hydrochloric  acid,  with  separation  of  slimy  silica. 

Di£F.— Characterized  by  rliombohedral  form  (resembling  a  cube).  It  is  harder  thaa 
calcite  and  does  not  effervesce  with  acid;  unlike  calcite  and  tluorite  in  cleavage;  fuses  B.B. 
with  intumescence  unlike  analcite. 

Obs.— Occurs  mostly  in  basaltic  rocks,  and  occasionally  in  gneiss,  syenite,  mica  schist, 
hornblendic  schist.    Occurs  at  the  Fa,r5er,  Greenland,  and  Iceland,  associated  wiih  chlorite- 
and  stilbite;  at  Aussig  in   Bohemia;  at  Oberstein,  with  harmotome;  at  Anuerod,  near 
Giesscn;  at  the  Giant's  Causeway,  Antrim,  Renfrewshire;  Isle  of  Skye,  etc. 

In  the  U.  S.,  in  syenite  at  Somerville,  Mass.;  at  Bergen  Hill,  N.  J.,  in  small  cr^'Stals; 
at  Jones's  Falls  near  Baltimore  {haydenite).  In  Nova  Scotia,  wine- yellow  or  tiesh-red  (the- 
]ast  tbe  acadialite),  associated  with  heulandite,  analcite  and  calcite,  at  Five  Islands,  Swan'» 
Creek,  Digby  Neck,  etc. 

The  name  Ohabazite  is  from  x<^fi^^^^^*  ^^  ancient  name  of  a  stone. 


aMEUNITB. 

Rliombohedral.     Axis  d  =  0*7345. 

Crystals     usually    hexagonal  896.  896. 

in  aspect;  sometimes  p  (0111) 
smaller  than  r  (lOll),  and  habit 
rhombohedral  ;  rr'  =  68°  8', 
rp  =  37°  44'. 

Cleavage :  m  easy  ;  c  some- 
times distinct.  Fracture  uneven. 
Brittle.  H.  =:  45.  G.  =  2  04- 
2*17.  Luster  vitreous.  Colorless, 
yellowish  white,  greenish  white, 
reddish  white,  flesh-red.  Transparent  to  translucent.  Optically  positive,. 
Cyprus,  also  negative,  Andreasberg,  the  Vicentine,  and  Glenarm,  N.  Scotia^ 
Birefringence  very  low.  Interference-figure  often  disturbed,  and  basal  sections 
divided  optically  into  section  analogous  to  chabazite, 

Comp.-~In  part  (Na„Ca)Al,Si,0„  +  6H,0.  If  sodium  alone  is  present 
this  requires:  Silica  46*9,  alumina  19*9,  soda  12*1,  water  21-1  =  100.  See  also 
p.  458. 

P3rr.,  etc.— B.B.  fuses  easily  (F.  =  2*5-3)  to  a  white  enamel.  Decomposed  by  hydro- 
chloric acid  with  separation  of  silica. 

Obs.— Occurs  in  flesh-red  crystals  in  amygdaloidal  rocks  at  Montecchio  Maggiore;  at 
Andreasberg;  in  Transylvania;  Antrim,  Ireland:  Talisker  in  Skye,  in  large  colorless, 
crystals. 

In  the  United  States  in  fine  white  crystals  at  Bergen  Hill,  N.  J.  At  Cape  Blomidon,. 
Nova  Scotia  (UdereriU);  also  at  Two  Islands  and  Five  Islands. 

learned  OmeliniU.  after  Prof.  Ch.  Gmelin  of  Tubingen  (1792-1860). 

Levynite.  CaAl,8i$0,o-|-5H,0.  In  rhombohedral  crystals.  H.  =  4-4"6.  G.  =  2-09- 
216.    Colorless,  white,  grayish,  reddish,  yellowish.    Found  at  Glenann  and  at  Island 
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Ha4B;ee,  Aotrim;  at  Dalsnjpen,  FftrSer;  in  loeknd;  in  the  basalt  of  Table  Mountain  near 
<3h)laen,  Colorado. 

Offiretite.    A  potash  zeolite,  related  to  the  species  of  the  chabazite  group.    In  basalt 
of  Mout  Simiouse,  France. 


i 


ANALOITB.    Analcime. 

Isometric.  XJsaally  in  trapezohedrons;  also  cabes  with  faces  n  (211);  again 
897^  398^  the  cubic  faces  replaced  by  a 

vicinal  trisoctahedron.  Some- 
times in  composite  groups 
about  a  single  crystal  as  nu- 
cleus (Fig.  351,  p.  119).  Also 
massive  granular;  compact 
with  concentric  structure. 

Cleavage:  cubic,  in  traces. 
Fracture  subconchoidal.  Brit- 
tle. H.  =  5-5-5.  G.  =  2-22- 
2*29;  2-278  Thomson.  Luster 
vitreous.  Colorless,  white;  occasionally  grayish,  greenish,  yellowish,  or 
reddish  white.  Transparent  to  nearly  opaque.  Often  shows  weak  double 
refraction,  which  is  apparently  connected  with  loss  of  water  and  consequent 
change  in  molecular  structure  (Art.  411).     w^  =  1*4874. 

Comp.— NaAlSi,0,+  H,0  =  Na,O.Al,0,.4SiO,.2H.O  =  Silica  545,  alumina 
23-2,  soda  141,  water  8*2  =  100. 

P3rr.,  etc. — Yields  water  in  the  closed  tube.  B.B.  fuses  at  2*5  to  a  colorless  glass. 
Oelatiuizes  with  hydrochloric  acid. 

Edff.— Characterized  by  trapezohedral  form,  but  is  softer  than  garnet,  and  yields  water 
B.B.,  unlike  leucite  (which  is  also  infusible);  fuses  without  iutumesceuce  to  a  clear  glass 
tiulike  chabazite. 

liecoguized  in  thin  sections  by  its  very  low  relief  and  isotropic  character;  often  shows 
optical  anomalies.  From  leucite  and  sodalite  surely  distinguished  only  by  chemical  tests, 
i.e.,  absence  of  chlorine  in  the  nitric-acid  test  (see  sodalite,  p.  444),  absence  of  much  potash 
)ind  abundance  of  soda  in  the  solution,  and  evolution  of  much  water  from  the  powder  in  a 
•closed  glass  tube  below  a  red  heat. 

Obs. — Occurs  frequently  with  other  zeolites,  also  prehnite,  calcite,  etc.,  in  cavities  and 
ficanis  in  basic  igneous  rocks,  as  basalt,  diabase,  etc.;  also  in  granite,  gneiss,  etc.  Recently 
shown  to  be  also  a  rather  widespread  comi>oncnt  of  the  groundmass  of  various  basic 
igneous  rocks,  at  times  being  the  only  alkali-alumina  silicate  present,  as  in  the  so-called 
nnalcite-basalts.  Has  been  held  in  such  cases  to  be  a  primary  mineral  produced  by  the 
•crystallization  of  a  magma  containing  considerable  soda  and  water  vapor  held  under 
pressure 

The  Cyclopean  Islands,  near  Catania,  Sicily,  afford  pellucid  crystals;  also  the  Fassathal 
in  Tyrol;  other  localities  are,  in  Scotland,  in  the  Kilpatrick  Hdls;  at  Antrim,  etc.,  iu 
Ireland;  the  FUrOer;  Iceland;  near  Aussig,  Bohemia;  at  Areudal,  Norway,  in  beds  of  iron 
ore;  at  Andrcasberg,  iu  the  Harz,  in  silver  mines. 

In  the  U.  S.,  occurs  at  Bergen  Hill.  New  Jersey;  in  gneiss  near  Yonkers.  Westchester 
Co.,  N.  Y.;  abundant  in  tine  cryntals.  with  prehnite,  daiolite,  and  calcite,  in  the  Lake 
Superior  region;  at  Table  Mt.  near  Golden,  Colorado,  with  other  zeolites.  Nova  Scotia 
affords  line  specimens. 

Tlie  name  Analcime  is  from  draXtci^.  weak,  and  alludes  to  its  weak  electric  power 
ivhen  heated  or  rubl:)ed.     The  correct  derivative  is  analcite,  as  here  adopted  for  the  species. 

Fa^jasite.     Perhaps  HiNaiCaAUSLoO,.  4-  18H«0. 

In  isometric  octahedrons.  H.  =  5.  G.  =  1  923.  Colorless,  white.  Occurs  with  augite 
in  the  limburgite  of  Sasbach  in  the  Kaiserstuhl,  Baden,  etc. 

Edingtonite.  Perhaps  BaAlaSi$Oio4-3H,0.  Crystals jwramidal  in  habit  (tetragonal- 
sphenoidal);  aUo  massive.  H.  =  4-45.  G.  =  2*694.  White,  grayish  white,  pink. 
Occurs  in  the  Kilpatrick  Hills,  near  Glasgow,  Scotland,  with  harmotome. 


NatrolHe  Group.     Orthorhombic  and  Monoclinic. 
a:h:i 
Na,Al,Si,0„  +  2H,0 


ScolMite 
HeioUte 


09785  : 1  :  0 3536 

0-9764  :  1  :  0-3434  89°  18' 


900. 


Ca(A10H),(SiO,),  +  2H,0 
Na,ALSi,0,.  +  2H.O 
2[CiiAl,Si.O„+3H,0] 

The  three  species  of  the  Natrolitb  Grout  agree  closely  In  angle,  tlioiigli  vaTying  In 
cryBlalliue  syslem  ;  Naltoliie  is  orlliorliombic  usually,  also  rarely  monocliuic;  Scok-cite  is 
mouocliaic.  perhaps  also  \u  pari  triclink:  Meaolite  seems  to  be  both  monocliuic  uud  iri* 
cHulc,     Fibrous,  radiating  or  divergeul  grou  8  are  common  to  all  these  species. 

The  Nat rolite Group  includes  the  sodium  silicate,  Natrollte,  with  the  empirical  formula 
Na,Al,SitO,e.2B,0;  the  calcium  silicate,  Scoleclle,  CsAI,8iiO,o.3H,0;  also  Mesolitft 
tDtermediaie  between  ihtae  and  coTrespoodiDg  to  |  "call.Si.O,,' 8H,6  - 

HATROUTB.    Nadelzeollth  Otrm. 
Orthorhombic.  *    Aiea  a  -.h  -.6=  0-97(J5  : 
mm"'.  110  A  liO  =  88"45i'. 
mtf,     110  A  ill  =  6a°  U'. 
oo'.       Ill  A  ill  =  87°  88*. 
00'",     111  A  ill  =  86°  471'. 
Crystals  prismatic,  usually  very  slender  to 
acicular;  frequently  divergent,  or  in  stellate 
group.     Also  fibrous,  radiating,  massive,  gran- 
nlar,  or  compact. 

Cleavage:  m  perfect;  b  irnperfect,  perhaps 
only  a  plane  of  parting.  Fracture  uneven. 
II.  =  5-5-5.  G.  =  2  30-2-25.  Luster  vit- 
reous, sometimes  inclining  to  pearly,  especially  in  fibrous  Tarieties.  Color 
white,  or  colorlesB;  to  grayish,  yellowish,  reddish  to  red.  Transparent  to 
translucent.  Optically +.  Ax.  pi.  ||  5.  Bx  J,  c.  2E,  =93''28'.  (9^  =  1-4797; 
y  -a  ^  0-012. 


1  :  0-3536. 
899. 


gent  or  radiated  masses,  vitreous  in  luster,  o; 

resemble  Uiiise  of  tliumsonite  and  p  .,  ^, _^^ ^  

fibrous,  and  somewhat   silky  in   luster  within;  (d)  rarely  compact  massive.     Oalactitt  la 
ordinarily  natrollte,  in  colorless  needles  from  southern  Scotland. 

BtrgmanaiU.  ipreiiitdin,  Irrevieile.  are  names  which  have  been  given  to  the  natrolite 
from  the  augite- syenite  of  southern  Norway,  on  the  Langesund  flord,  In  the  "Brevik" 
region,  where  It  occura  fibrous,  massive,  and  in  long  prismnilc  cryslallizations.  and  from 
while  to  red  in  color.  Derived  In  part  from  el^ollte,  in  part  friim  soiialiti-.  Iran-nalraiil* 
is  a  dark  green  opaque  variety,  either  crystalline  or  amorphous,  from  the  Brevik  region;  the 
Iron  is  due  to  inclusions. 

Comp.— Na,A],Si.0,.-f2H,0  or  Na,O.Al,0,.3SiO, +  2H,0  =  Silica  47  4, 
alumina  268,  Na.O  16-3,  water  9-5  =  100. 

Fyr.,  etc. — In  the  clo««d  tube  whitens  and  becomM  opaque.  B.B,  fuses  quietly  at  2  to 
A  colorless  glass.  Fualble  In  the  flame  ol  an  ordinary  stearins  or  wax  candle.  Oelalinlzes 
with  adds. 

I>iff.— Distinguished  from  aragonlte  and  pectollte  by  its  easy  fusibility  and  gelatinizatiua 
with  acid. 

Ob*.— Occurs  In  cavilies   in  araygdalotdai    basnit,  and  other  related  Igneous  rocks; 

*  In  tare  cases  the  crystals  seem  to  be  moBOcIiDic 
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4K>metiinet  in  seams  in  graDlte,  gneiss,  and  srenite.  Found  at  Aussig  and  TepUtz  in  B<^6- 
mia;  in  fine  crystals  in  Auvergne;  Fussatbaf,  Tyrol;  Eapnik,  Hungary.  In  red  amygdulei 
(erocalits)  in  amygdaloid  of  Ireland,  Scotland  and  Tyrol;  the  amygdaloid  of  Bisbopiown 
igalactiie);  at  Glen  Farg  (fargiie)  in  Fifesbire.  Common  in  tbe  augite-syenile  of  tbe  Langf- 
■sund  fiord,  nearBrevik.  southern  Norwny. 

lu  Norib  America,  in  tbe  trap  of  Nova  Scotia;  at  Bergen  Hill,  N.  J. ;  at  Copper  Fulls, 
Lake  Superior. 

Named  Mehotype  by  HaQy,  from  fieaos,  middle,  and  tvnoi,  type,  because  the  form  of 
the  crystal— in  bis  view  a  square  prism — was  intermediate  between  the  forms  of  stilbite  and 
analcite.  Natrolite,  of  Klaproth,  is  from  natron,  9oda;  it  alludes  to  the  presence  of  aoda, 
whence  also  tbe  name  ioaa-mesotype,  in  contrast  with  scolecite,  or  Ume-me90typ$, 

SOOIiBOITB. 

Monoclinic.    Axes  h.i:i  =  09764  :  1  :  0-3434;  /?  =  89°  18/ 
CrystalB  slender  prismatic  {mm'*'  =  88**  37^'),  twins   showing  a  feather- 
like striation  on  by  diverging  upward;  also  as  penetration-twins.    Crystals  in 
•diyergent  groups.    Also  massive,  fibrous  and  radiated,  and  in  nodules. 

Cleavage:  m  nearly  perfect.  H.  =  5-5*5.  G.  =  2-16-'-i*4.  Luster  vitreous, 
or  silky  when  fibrous.  Transparent  to  snbtranslucent.  Optically  -~.  Ax.  pi. 
^nd  Bxo  ±  ft.     Bx.  A  eJ  =  15'*-16^     2H^r  =  32"  26'.     /?  =  1-4952. 

Comp.— CaAl,Si.O,o  +  3H,0  or  CaO.A1.0,.3Si0..3H,0  =  Silica  45*9,  alu- 
mina  26-0,  lime  143,  water  13-8  =  100. 

Pyr.,  etc.— B.B.  sometimes  curls  up  like  a  worm  (whence  the  name  from  o-k^JXt^,  a 
vorm,  which  gives  §eoleeite,  and  not  »eoUsite  or  geoUnte);  other  viirieties  iutumesce  but 
:8lightly,  and  all  fuse  at  2-2*2  to  a  white  blebby  enamel.  (Gelatinizes  with  acids  like 
aatrolite. 

Obs. — Occurs  in  the  Berufiord,  Iceland;  in  amygdaloid  at  Staffa:  in  Skye,  at  Taliaker; 
near  Eisenach,  Saxony;  In  Auvcrnie;  common  in  fine  crystallizations  in  the  Deccan  trap 
4irea.  in  British  India.  In  the  United  States,  in  Colorado  at  Table  Mountain  near  Gk>lden 
in  cavities  in  basalt.    In  Canada,  at  Black  Lake,  M^gantic  Co.,  Quebec. 

Mesolite.  Intermediate  between  natrolite  and  scolecite  (see  p.  482).  In  acicular 
-Mid  capillary  crystals;  delicate  divergent  tufts,  etc.  G.  =  2*29.  White  or  colorless.  lu 
amygdaloidal  basalt  at  numerous  points. 

THOMBONTTB. 

Ortborbombic.     Axes  a  :  h  :  i  =  0*9932  :  1  :  10066. 

Distinct  crystals  rare;  in  prisms,  mm"'  =  89°  37'.  Commonly  columnar, 
structure  radiated;  in  radiated  spherical  concretions;  also  closely  compact. 

Cleavage:   b  perfect;  a  less  so;  c  in  traces.     Fracture  uneven  to  subcon- 

<5hoidal.    Brittle.     H.  =  5-5-5.     G.  =  2 •3-2*4.     Luster  vitreous,  more  or  less 

pearly.     Snow-white;  reddish,  green;  impure  varieties  brown.     Streak  uncol- 

ored.     Transparent  to  translucent.     Pyroelectric.     Optically  -f.     Ax.  pi.  |  c. 

Bx  _L  b.    Dispersion  p>  v  strong.     2Er  =  82".     A  =  1*503. 

Var.— 1.  Ordinary,  (a)  In  regular  crystals,  usually  more  or  less  rectaugular  in  out- 
line, ])rismatic  in  habit,  (b)  Prisms  slender,  often  vesicular  to  radiated,  (e)  Radiated 
fibrous,  (rf)  Spherical  concretions,  consisting  of  radiated  fibers  or  slender  crystals.  Also 
massive,  granular  to  impalpable,  and  white  to  reddish  brown,  less  oflen  green  as  iu  linton- 
ite.  The  spherical  massive  forms  also  radiated  with  several  centers  and  of  varying  colors, 
hence  of  much  beauty  when  polished.  Ozarkite  is  a  white  massive  thomsonite  from 
Arkansas. 

Comp.— (Na„Ca)Al,Si,0,  +  |H,0  or  (Na„Ca)O.Al,0,.2SiO,.|n,0.  The 
ratio  of  Na,  :  Ca  varies  from  3  :  1  to  1  :  1.  If  Ca  :  Na,  =  3:1  the  percentage 
-composition  requires:  SiO,  37-0,  Al.O,  31*4,  CaO  129,  Na,0  4-8,  H,0  13*9  = 
100. 

P3rr..  etc.— B.B.  fuses  with  intumescence  at  2  to  a  white  enamel.     Gelatinizes  with 
hydrochloric  acid. 

X>i£f.— Resembles  some  natrolite,  but  fuses  to  an  opaque  not  to  a  clear  glass. 


SILICATES.  463 

ObB.— Found  in  cavities  in  lava  in  amygdaloidal  igneous  roclcs,  sometimes  with 
«l8Bolite  as  a  result  of  its  alteration.  Occurs  near  Kilpairick.  Scotland:  in  the  lavas  of 
Somma  {eomptonile)\  in  basalt  at  the  Pfiasterkaute  in  Saxe  Weimar;  in  Bohemia,  in  phono- 
lite;  the  Cyclopean  islands,  Sicily;  near  Brevik,  Norwuy;  the  FftrOer;  Iceluud  (carpho- 
Btilbite,  straw-yellow):  at  Mt.  Monzoni,  FassatliaJ. 

Occurs  at  Peter's  Point,  Nova  Scotia.  In  the  U.  8.  at  Magnet  Cove  (aearkite)  in  the 
Ozark  Mts.,  Arkansas:  in  the  amygdaloid  of  Grand  Marais,  L.  Superior,  which  yields  the 
water-worn  pebbles  resembling  agate,  in  part  green  (lintonite);  in  the  basalt  of  Table  Mt. 
near  Golden,  Colo. 

HydronepheUte.  HNajAUSijO,,  -f-  3H,0.  Massive,  radiated.  H.  =  45-6.  G  =  2-268. 
Color  white;  also  dark  gray.  From  Litchfield,  Maine.  Ranite  from  the  Langesund  fiord, 
Norway,  is  similar. 


II.  Mica  Division. 

The  species  embraced  under  this  Division  fall  into  three  gronps:  1,  the 
Mica  Group,  including  the  Micas  proper;  2,  the  Clintonite  Group,  or  the 
Brittle  Micas;  3,  the  Chlorite  Group.  Supplementary  to  these  are  the 
Yermicnlites,  hydrated  compounds  chiefly  results  of  the  alteration  of  some  one 
of  the  micas. 

All  of  the  above  species  have  the  characteristic  micaceous  structure,  that 
is,  they  have  highly  perfect  basal  cleavage  and  yield  easily  thin  laminae.  They 
belong  to  the  monoclinic  system,  but  the  position  of  the  bisectrix  in  general 
deviates  but  little  from  the  normal  to  the  plane  of  cleavage;  all  of  them  show 
on  the  basal  section  plane  angles  of  G0°  or  120°,  marking  the  relative  position 
of  the  chief  zones  of  forms  present,  and  giving  them  the  appearance  of  hex- 
agonal or  rhombohedral  symmetry;  further,  they  are  more  or  less  closely 
related  among  themselves  in  the  angles  of  prominent  forms. 

The  species  of  this  Division  all  yield  water  upon  ignition,  the  micas  mostly 
from  4  to  5  p.  c,  the  chlorites  from  10  to  13  p.  c;  this  is  probably  to  be 
regarded  in  all  cases  as  water  of  constitution,  and  hence  they  are  not  properly 
hydrous  silicates. 

More  or  less  closely  related  to  these  species  are  those  of  the  Serpentine  and 
Talc  Division  and  the  Kaolin  Division  following,  many  of  which  show  dis- 
tinctly a  mica-like  structure  and  cleavage  and  also  pseudo-hexagonal  symmetry. 

1.  Mica  Group.     Monoclinic. 

Muscovite  Potassium  Mica  H,KAl,(SiOJ, 

h:tii  =  0-57735  :  1  :  3-3128      /?  =  89°  54' 
Paragonite         Sodium  Mica  H,NaAl,(SiO,), 

LepidoUte  Lithium  Mica  KLi[Al(OH,F) jAl(SiO.).  pt. 

Zinnwaldite       Lithium-iron  Mica 

n  m 

Biotite  Magnesium-iron  Mica    (H,K),(Mg,Fe),(Al,Fe),(SiO,),  pt. 

a:t:i  =  0  57735  :  1  :  3-2743      fi  =  90"*  0' 
Phlogopite  (H,K,(MgF)  ).Mg.Al(SiO  J. 

Magnesium  Mica;  usually  containing  fluorine,  nearly  free  from  iron. 
Lepidomelane  Annite 

Iron  Micas.     Contain  ferric  iron  in  large  amount. 

The  species  of  the  Mica  Group  crystallize  in  the  monoclinic  system,  but 
with  a  close  approximation  to  either  rhombohedral  or  orthorhombic  symmetry; 
the  plane  angles  of  the  base  are  in  all  cases  60"^  or  120".     They  are  all  charac- 
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tensed  by  highly  perfect  basal  cleavage,  yielding  very  thin,  tongh,  and  more 
or  less  elastic  laminae.  The  negative  bisectrix,  a,  is  very  nearly  normal  to  the 
basal  plane,  varying  at  most  but  a  few  degrees  from  this;  hence  a  cleavage 
plate  shows  the  axial  interference-figure,  which  for  the  pseudo-rhombohedral 
Kinds  is  often  uniaxial  or  nearly  uniaxial.  Of  the  species  named  above,  biotite 
has  usually  a  very  small  axial  angle,  and  is  often  sensibly  unaxial;  the  axial 
angle  of  phlogopite  is  also  small,  usually  10^  to  12^;  for  muscovite,  para* 
gonite,  lepidolite  the  angle  is  large,  in  air  commonly  from  50^  to  70^. 

The  Micas  may  be  referred  to  the  same  fundamental  axial  ratio  with  an 
angle  of  obliquity  differing  but  little  from  90°;  they  show  to  a  considerable 
extent  the  same  forms,  and  their  isomorphism  is  further  indicated  by  their  not 
infrequent  intercrystallization  in  parallel  position,  as  biotite  with  muscovite^ 
lepidolite  with  muscovite,  etc. 

A  blow  with  a  somewhat  dull-pointed  instrument  on  a  cleavage  plate  of 

mica  develops  in  all  the  species  a  Biz-r^jed  percussion-figure  (Fig.  901.  also 

Fig.  477,  p.  149),  two  lines  of  which  are  nearly  parallel  to  the  prismatic 

gQl^  edges;  the  third,  which  is  the  most  strongly  cnaracter* 

ized  (Leitstrahl  Germ.),  is  parallel  to  the  clinopinacoid 
or  plane  of  symmetry.  The  micas  are  often  divided 
inte  two  classes,  according  to  the  position  of  the  plane 
of  the  optic  axes.  In  the  Jirst  class  belong  those  kinda 
for  whion  the  optic  axial  plane  is  normal  to  b  (010),  the 
plane  of  symmetry  (Fig.  901);  in  the  second  class  the 
axial  plane  is  parallel  to  the  plane  of  symmetry.  The 
percussion-figure  serves  to  fix  the  crystallographie 
orientation  when  crystalline  faces  are  wanting.  A 
second  series  of  lines  at  right  angles  to  those  men* 
tioned  may  be  more  or  less  distinctly  developed  by 
pressure  of  a  dull  point  on  an  elastic  surface,  forming  the  so-called  pressure- 
figure;  this  is  sometimes  six-rayed,  more  often  shows  three  branches  only,  and 
sometimes  only  two  are  developed.  In  Fig.  901  the  position  of  the  pressure- 
figure  is  indicated  by  the  dotted  lines.  These  lines  are  connected  with  gliding- 
planes  inclined  some  67°  to  the  plane  of  cleavage  (see  beyond). 

The  micas  of  the  first  class  include:  Muscovite,  paragonite,  lepidolite,  also 
some  rare  varieties  ojc  biotite  called  anomite. 

The  second  class  embraces  :  Zinnwaldite  and  most  biotite,  including 
lepidomelane  and  phlogopite. 

Chemically  considered,  the  micas  are  silicates,  and  in  most  cases  orthosili- 
cates,  of  aluminium  with  potassium  and  hydrogen,  also  often  magnesium, 
ferrous  iron,  and  in  certain  cases  ferric  iron,  sodium,  lithium  (rarely  rubidium 
and  caesinm);  further,  rarely,  barium,  manganese,  chromium.  Fluorine  is 
prominent  in  some  species,  and  titanium  is  also  sometimes  present.  Other 
elements  (boron,  etc.)  may  be  present  in  traces.  All  micas  yield  water  upon 
ignition  in  consequence  of  the  hydrogen  (or  hydroxyl)  which  they  contain. 


MUSOOVTTB.     Common  Mica.     Potash  Mica.    Kaliglimnier  Germ, 

Monoclinic.     Axes  d:t:i  =  0-57735  :  1  :  3-3128;  /?  =  89''  54'. 

Twins  common  according  to  the  mica-law :  tw.  plane  a  plane  in  the  zone 
cM  normal  to  c,  the  crystals  often  united  by  c.  Crystals  rhombic  or  hexagonal 
in  outline  with  plane  angles  of  60"  or  120°.  Habit  tabular,  passing  into  taper- 
ing  forms  with  planes  more  or  less  rough  and  strongly  striated  horizontally; 
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vicinal  forms  common.  Folia  often  very  small  and  aggregated  in  stellate, 
plumose,  or  globular  forms;  or  in  scales,  and  scaly  massive;  also  crypto- 
crystalline  and  compact  massive. 

Cleavage:  basal,  eminent.     Also  planes  of  secondary  cleavage  as  shown  in 
the  percussion-figure  (see  pp.  464  and  149) ;  natural  plates  hence  often  yield 


cM,  001  A  221  =  85'  86'. 
en,  001  A  111  =  8r  30'. 
MM\  221  A  221  =  59'  48'. 

nn\  ill  A  ill  =  59"  ISJ'. 


902.  903. 


narrow  strips  or  thin  fibers  |  axis  i,  and  less  distinct  in  directions  inclined  60" 
to  this.  Thin  laminae  flexible  and  elastic  when  bent,  very  tough,  harsh  to  thr 
touch,  passing  into  kinds  which  are  less  elastic  and  have  a  more  or  le^.- 
unctuous  or  talc-like  feel.  Etching- figures  on  c  monoclinic  in  symmetry 
(Fig.  481,  p.  150). 

H.  =  2*aJ-5.  G.  =  2*76-3.  Luster  vitreous  to  more  or  less  pearly  or 
silky.  Colorless,  gray,  brown,  hair-brown,  pale  green,  and  violet,  yellow, 
dark  olive-green,  rarely  rose-red.  Streak  uncolored.  Transparent  to  trans- 
lucent. 

Pleochroism  usually  feeble;  distinct  in  some  deep-colored  varieties  (see 
beyond).  Absorption  in  the  direction  normal  to  the  cleavage  plane  (vibra- 
tions II  b,  c)  strong,  much  more  so  than  transversely  (vibrations  ||  a);  hence  a 
crystal  unless  thin  is  nearly  or  quite  opaque  in  the  nrst  direction  though  trans- 
lucent through  the  prism.  Optically  — .  Ax.  pi.  _L  ^  and  nearly  i.  c.  Bxa 
( =  a)  inclined  about  —  1°  (benind)  to  a  normal  to  c.  Dispersion  p  >  r. 
Axial  angle  variable,  usually  about  70°,  but  diminishing  to  50""  in  kinds 
(phengite)  relatively  high  in  silica.  Birefringence  rather  high,  y  —  a  = 
0039;  pj  =  1-5941. 

Var.— 1.  Ordinary  Muscovite.  In  crystals  as  above  described,  often  tabular  |  e,  also 
taperiDg  with  verlical  faces  rough  and  striated;  the  basal  plane  often  rough  unless  asdevel* 
oped  by  cleavage.  More  commonly  in  plates  without  distinct  outline,  except  as  developed 
by  pressure  (see  above);  the  plates  sometimes  very  large,  but  passing  into  fine  scales, 
arranged  in  plumose  or  other  forms.  In  normal  muscovite  the  thin  lamiuee  spring  buck, 
with  force  wlien  bent,  the  scales  are  more  or  less  harsh  to  the  touch,  unless  very  small,  and 
a  pearly  luster  is  seldom  prominent. 

2.  Damourite.  Including  margarodite,  gUbertUe,  hpdro-muscavite,  and  most  hydro- 
mica  in  general.  Folia  less  elastic  ;  luster  somewhat  pearly  or  silky  and  feel  unctuous  like 
talc.  The  scales  are  usually  small  and  it  passes  into  forms  which  are  fine  scaly  or  fibrous, 
as  serieite,  and  finally  into  the  compact  crypto  crystalline  kinds  called  oneosine.  including 
much  piniie.  Axial  angle  for  damourite  chiefly  from  60*  to  70**.  Often  derived  by  aher- 
ation  of  cyanite,  topaz,  corundum,  etc.  Although  often  spoken  of  as  hydrous  micus,  it  does 
not  appear  that  damourite  and  the  allied  varieties  necessarily  contain  more  water  thau 
ordinary  muscovite;  they  may,  however,  give  it  off  more  readily. 

MargarodiU,  as  originally  named,  was  the  talc-like  mica  of  Mt.  Greiner  in  theZillerthal; 
granular  to  scaly  in  structure,  luster  pearly,  color  grayish  white.  OUbertite  occurs  in 
whitish,  silky  forms  from  the  tin  mine  of  St.  Austell,  Cornwall.  Serieite  is  a  fine  scaly 
muscovite  united  in  fibrous  aggregates  and  characterized  by  its  silky  luster  (hence  the  name 
from  (TrfpiKo^,  silky. 

€oinp.,  Var. — For  the  most  part  an  orthosilicate  of  alnmininm  and  potas- 
sium (H,K)AlSiO^.  If,  as  in  the  common  kinds,  H  :  K  =  2  :  1,  this  becomes 
H,KAl,(SiO,),  =  2H,O.K,0.3Al,0,.6SiO,  =  Silica  46*2,  alumina  385,  potash 
11-8,  water  45  =  100. 
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Soma  klodiKiTQaltrgeruiKniiitof  ■111c«(47U>49p.c.)lbai>cnriespoi)ils  to  «.  normal 
orthosllIcBte,  aod  Iher  h&ve  been  (Mlled  pA«i^.  Ai  ihowii  by  Cliirhe.  itiesu  acid  mus- 
GOTttea  cui  be  most  slmplj  rwftnled  M  molacnUr  mlxturai  uf  U,KAlitSiO,)i  and 
H.KAU8I.0.).. 

Iron  Is  usuall^present  Id  small unooDt  only.  Barium  b  nualjr  present,  as  in  oeWie/i^rilt. 
O.  =  2-88-3-9S.  Chromium  U  aIm  prannt  InfitOt&e  tiom  ScbiTjLneugteiij,  Zitlciilial.  nud 
elsewhere. 

PVT.,  etc, — In  the  clOMd  tnlM  glTOa  water,  which  with  Brazil-wuod  ottcu  ruacU  tar 
aaiitlae.    B.B.  whitens  and  fuses  on  the  tUn  odgM  (F.  =  S'T,  v.  Kobell)  to  a  gmy  or  yellow 

Slaw.  With  fluxes  glT«B  reactions  fur  Iron  and  sometimes  manganese,  mrely  chrainiiun. 
ot  decomposed  br  adds.    Docomposed  on  fusion  with  alkaline  carbonates. 

Iliff.—Dlstlugulahod  In  normal  kinds  from  all  bnt  the  species  of  this  dlvUon  by  the  par* 
feet  basal  cleavaga  and  mfcacooos  structure;  the  pale  color  separsles  ft  from  most  blotite;  tba 
lamina  are  more  flexible  and  eUstlc  than  thoee  of  plilogopito  and  Mill  more  than  lho«  <rf 
the  bditle  micas  and  iha  clilorii«s. 

In  thin  sectiuua  recognized  by  want  of  color  and  by  the  perfect  cleavage  shown  by 
flue  lines  (iia  in  Fig.  807,  p.  814)  In  Mciions  ±  e.  In  a  direction  parallel  to  e.  By  refloctod 
light  under  the  microscope  the  same  sections  Bhow  a  peculiar  mottled  surface  with  aWlB'Uka 
luster:  birefringence  rather  high,  hence  luterferunce-colors  bright. 

Obs. — MuMMivjte  Is  the  moat  common  of  the  inicas.  It  is  an  essential  constituent  tit 
mica  schlBl  and  related  roclu,  and  Is  a  prominent  component  of  cartaln  common  TarietiM 
of  granite  nnd  gueteH;  alao  found  at  times  In  fngmental  rocks  and  limMiones;  in  Tolcutlc 
rocks  It  is  rart:  and  appears  only  as  n  aecondary  product.  Hie  largest  and  but  develtqied 
crystals  occur  1u  the  pegmattie  dikes  oHiociatea  with  granitic  intruiloni,  eitfaor  dirootly 
Giittitig  iha  granite  or  In  Its  Ticialty.  Often  in  aucU  occurrences  In  enormous  plates  (mm 
which  the  mica  or  "Isinglass"  of  commerce  U  obtained.  It  ia  then  often  associated  with 
cryatalllied  orthocliiae,  ijuartz,  nlbitei  ntso  apotite,  tounualine,  wnet,  beryl,  columblta, 
ere.,  and  other  mineral  species  characteristic  of  graDltic  valns.  Further,  muacovlte  tittBO. 
encloses  flattened  crystals  of  earnet,  tourmaline,  also  QUarU  ia  thin  plates  betweao  tho 
aheeis:  further  not  infrequeutJy  magnetite  In  dendrlto-llke  forms  following  in  put  tlw 
directions  uf  the  percussion -figure. 

Some  of  tha  beat  known  localities,  are:  AbOhl  in  the  Bulibachlhal,  with  adnlula; 
Bothenkopf  In  the  Zlllerthal,  Tyrol;  Bubotb,  Styrla;  St.  Ootbvd,  Binneothal,  and  «Vw- 
where  in  Switzerland;  Houme  Mta.,  Ireland;  Cornwall;  TJtO,  F^lun,  Sweden;  Skuttanid, 
Ifornay.     Obtained  In  large  plates  from  Greenland  and  the  East  Indies. 

in  'Maine,  at  Mount  Mica  in  tlie  tnwu  of  Paris;  al  BuckGeld,  Id  flne  crystals.  In  JV. 
Samp.,  lit  Acworlb.  Uraftou.  In  Masi.,  at  CbesIerSeid:  South  Royalaion;  at  Goshen,  rose- 
red.  In  (han.,  nt  Monroe;  at  LitcliSeid,  with  cyauite;  al  the  Middletown  feldspar  quarry; 
ftt  Haddam;  nt  BranchTille.  niih  albite.  etc.:  Now  Hilford.  In  y.  Tiirifc,  near  Warwick; 
Edeuvillu;  Kdwards.  In  Finn.,  al  Pennsliun',  Cheater  Co.;  at  Unlonvllle,  Deluwaro  Co., 
nndat  Htddletown.  In  Maryland,  at  Jones's  Falls.  Baltimore.  In  Ftr^inia,  at  Amelia  Oourt- 
House.  In  Ifo.  Carolina,  extensively  mined  at  many  placea  in  the  weaterti  part  of  the  stale; 
the  chief  mines  aie  in  Mitchell,  YnucpVi  Jackson  and  Macon  Cos.  Tlie  mica  mines  hsTe 
also  uflorded  many  rare  species,  its  columbite,  aamarsklle,  halcbettolite,  uraninile,  etc.;  in 
good  crystals  inAlexander  Co.  lu  S.  Carolina,  thure  are  also  muscovite  deposits;  also  In 
Oeorii;ia  and  Alabama. 

Mica  mines  have  also  been  worked  to  some  extent  In  the  Black  Hills,  South  Dakota;  in 
Waabington,  at  Itockford.  Spokane  Co. :  in  Colorado. 

Muscovite  is  named  from  Vitram  Mtueovilieum  or  Mttteo^-glatt,  formerly  a  popular 
name  of  the  mineral. 

Plulte,  A  general  term  used  to  include  a  large  number  of  alteral  Ion -products  especially 
of  iollle,  also  spodumene,  uephelile,  scapollle.  feldspar  and  other  mineral*.  In  composi- 
tioD  essentially  a  hydrous  silicate  of  aluminium  and  potassium  corresponding  more  or  less 
closely  to  muscovlte,  of  which  it  ia  pvobsblv  to  be  legarded  aa  a  massiTe,  compact  variety. 
usually  very  impure  from  the  admixture  of  clay  and  oilier  substances.  Characters  na  fol- 
lows: Amorphous;  (granular  to  cryptocrystalliue.  Karcly  a  submicnceoiis  cleavage,  B.  = 
2'5-3-5.  G.  =  36-2-85.  Luster  feeble,  waxy.  Color  grayish  white,  grayish  grean.  pea- 
greeu.  dull  ereen,  brownish,  reddish.  Translucent  to  opaque.  The  following  are  some  of 
the  minerals  classed  as  pinlle:  giganloliU.  gUieddte  (see  p.  8S5),  iiebeneriU,  Aytgntribtt*^ 
paropbite.  roiiCe.  polyargitt,  viUtonite,  kUlinite. 

Agalmatolite  (pac^iie)lsllke  ordioary  massive  plnite  in  Ita  amorphous  compact  texture, 
luster,  and  other  physical  characters,  but  contains  more  silica,  which  may  he  from  free 
quartz  or  feldspar  as  impurity.  Tlie  Chinese  has  H.  =  a-a-."!;  Q.  =  3-78«-2'8in.  Colore 
usually  gvajlsh,  grayish  green,  brownish,  yellowish.     Named   from  ayaX^a,  an  imag§ ; 
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pagodiU  is  from  pagoda,  the  Chinese  carving  the  soft  stone  into  miniature  pngodas,  images, 
etc.  Part  of  the  so-called  amilmatolite  of  China  is  true  pinite  in  composition,  another  part 
is  compact  pyrophyllite,  and  still  another  steatite  (see  these  species). 

Paragonite.  A  sodium  mica,  corresponding  to  muscovite  in  composition;  formula, 
HsNuAIs  (SiO«)s.  In  fine  pearly  scales:  also  compact.  G.  =  2'78-2*90.  Color  yellowish, 
grayish,  greenish;  constitutes  the  mass  of  the  rock  at  Monte  Cumpione  near  Faido  in  Canton 
Tessin,  Switzerland,  containing  cyanite  and  staurolite;  called  paragon ite-schist.  Occurs 
associated  with  tourmaline  and  corundum  at  Unionville,  Delaware  Co.,  Pa. 

UEIPIDOIjITB.     Lithia  Mica.     Lithionglimmer  Oerm. 

Ill  aggregates  of  short  prisms,  often  with  rounded  terminal  faces.  Crys- 
tals sometimes  twins  or  trillings  according  to  the  mica  law.  Also  in  cleavable 
plates,  but  commonly  massive  scaly-granular,  coarse  or  fine. 

Cleavage:  basal,  highly  eminent.  H.  =  2-5-4.  G.  =  2'8-2*9.  Luster 
pearly.  Color  rose-red,  violet-gray  or  lilac,  yellowish,  CTayish  white,  white. 
Translucent.  Optically—.  Ax.  pi.  usually  i  6;  rarely  J  ^.  Bx^  (a)  inclined 
1°  47'  red,  and  1  33^'  yellow  (Na)  to  normal  to  c.  Axial  angle  large,  from 
50°-r2%  fi  =  1-5975. 

Comp.— In  part  a  metasilicate,  R,Al(SiO,),  or  KLi[Al(OH,F) JAl(SiO,),. 

The  ratio  of  fluorine  and  hydroxyl  is  variable.     The  following  are  analyses 

(Riggs): 

SiO,    A1,0,    Fe,0.    FeO    MnO      K,0      Li,0    Na^O    H,0      F 
Paris,       50-92    24  99       0  80      023       tr.       11-38      4*20      2-11       1-96    6-29  =  102-88 
Hebron,   4880    28-30       0*29      009      008      12-21'     4*49      074       173    496 

[CaO,MgO  017  =  101*86 

•  With  0-77  (Rb.Ca),0. 

Pyr.,  etc. — In  the  closed  tube  gives  water  and  reaction  for  fluorine.  B.B.  fuses  with 
intumescence  at  2-2*5  to  a  white  or  grayish  glass,  sometimes  magnetic,  coloring  the  flame 
purplish  red  at  the  moment  of  fusion  (hthia).  With  the  fluxes  some  varieties  give  reactions 
for  iron  and  manganese.  Attacked  but  not  completely  decomposed  by  acids.  After 
fusion,  gelatinizes  with  hydrochloric  acid. 

Obs. — Occurs  in  granite  and  gneiss,  especially  in  granitic  veins;  often  associated  with 
lithia.  tourmuliue;  also  with  amblygonite,  spodumene, cassiterite,  etc.;  sometimes  associated 
with  muscovite  in  parallel  position. 

Found  near  Ut5  in  Sweden;  Penig.  Saxony;  Rozena  (or  Rozna),  Moravia,  etc.  In  the 
United  States,  common  in  the  western  part  of  Maine,  in  Hebron.  Auburn.  Paris,  etc.;  at 
Chesterfield,  Mass.;  Middletown.  Conn.;  with  rubellite  near  San  Diego.  Californin. 

Named  lepidolite  from  Xcici^,  $eaU,  after  the  earlier  German  name  SchuppensUin,  allud- 
ing to  the  scaly  structure  of  the  massive  variety  of  Rozena. 

CooKEiTE  is  a  micaceous  mineral  occurring  in  rounded  aggreeations  on  rubellite,  also 
with  lepidolite,  tourmaline,  etc.,  at  Hebron,  Me.     Composition  Li[Al(OH)a]8(8iOs)a. 

Zinnwaldite.  An  iron-lithia  mica  in  form  near  biotite.  Color  pale  violet,  yellow  to 
brov?n  and  dark  gray.     Occurs  at  Zinnwald  and  Altenberc;  similarly  in  Cornwall. 

Cryophyllite  is  a  related  lithium  mica  from  Rockport,  Mass.  Pblylithionite  is  a  lithium 
mica  from  Eangerdluarsuk,  Greenland. 

BIOTITE. 

Monoclinic;  pseudo-rhombohedral.  Axes  d:h:d  =  0'57735  : 1 :  3*2743; 
/3  =  90°. 

Habit  tabular  or  short  prismatic;  the  pyramidal  faces  often  repeated  in 
oscillatory  combination.  Crystals  often  apparently  rhombohedral  in  sym- 
metry since  r  (101)  and  z  (132),  z'  (l32),  whicn  are  inclined  to  c  at  sensibly  the 
same  angle,  often  occur  together;  further,  the  zones  to  which  these  faces 
belong  are  inclined  120°  to  each  other,  hence  the  hexagonal  outline  of  basal 
sections.     Twins,  according  to  the  mica  law,  tw.  pi.  a  plane  in  the  prismatic 
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zone±c.    Often  in  dineminaied  acales,  lometimes  in  massiTO  aggregations 
of  deavable  Bcalee. 


cp,  001  A  112  =  78*  r. 
eM,  001  A  221  =  85-  SS'. 
CM,   001  A  ill  =  81*  12'. 

904. 


cr,  001  A  iOl  =  80'  O*. 

m.  001  A  182  =  80*  0*. 

MM',  821  A  221  =  62*  48^'. 

906.  906. 


Cleavage:  basa!,  highly  perfect;  planes  of  separation  shown  in  the  penms* 
sion-figure;  also  gliding-planes  p(!^5),  C  (135)  shown  in  the  pressnre-fignre 
inclined  about  66  to  c  and  yielding  pseudo-crystalline  forms  (Fig.  475, p.  148). 
H.  =  2*5-3.  O.  =  2*7-3*1.  Luster  splendent,  and  more  or  less  pearly  on  a 
cleavage  snrface,  and  sometimes  snbmetallic  when  black;  lateral  snrfaoea 
vitreous  when  smooth  and  shining.  Colors  usually  green  to  black,  often  deep 
black  in  thick  crystals,  and  sometimes  even  in  thin  laminsd,  unless  the  laminae 
are  very  thin;  such  thin  lamina  green,  blood-red,  or  brown  by  transmitted 
light;  also  pale  yellow  to  dark  orown;  rarely  white.  Streak  uncolored. 
Transparent  to  opaque. 

Fleocbroism  strong;  absorption  b  =  c  nearly,  for  a  much  stronger.  Hence 
sections  |  c  (001)  dark  green  or  brown  to  opaque;  those  J.r  lighter  and  deep 
brown  or  green  for  vibrations  |  c,  pale  yellow,  green  or  red  for  vibrations  JL  €• 
Pleochroic  halos  often  noted,  particularly  about  microscopic  inclusions.  Op- 
tically — .  Ax.  pi.  usually  ||  b,  rarely  J_  d,  Bx^  (=  o)  nearly  coincident  with 
the  normal  to  c,  but  inclined  about  half  a  degree,  sometimes  to  the  front,, 
sometimes  the  reverse.  Axial  angle  usually  very  small,  and  often  sensibly 
uniaxial;  also  up  to  50°.     Birefringence  high,  y  —  a  =  0*04  to  OOG. 

Comp.,  Var. — In  most  cases  an  orthosilicate,  chiefly  ranging  between 
(H,K),(Mg,Fe),(Al,Fe),(SiOJ,  and  (H,K),(Mg,Fe),Al,(SiO,),.  Of  these  the 
second  formula  may  be  said  to  represent  typical  biotite.  The  amount  of  iron 
varies  widely. 

Biotite  is  divided  into  two  classes  by  Tsclicrmak: 

I.  Meroxene.  Axial  plane  jj  b.  II.  Anomite.  Ax.  pi.  jl  b.  Of  these  two  kinds, 
meroxeiie  includes  nearly  all  ordinary  biotite,  while  anomite  is,  so  far  ns  yet  observed,  of 
reslricted  occurrence,  the  typical  localities  being  Greenwood  Furnace,  Orange  Co.,  N.  Y., 
and  L.  Baikal  in  E.  Siberia.  Meroxene  is  a  name  early  given  to  tlie  Vesuvian  biotite. 
Anomite  is  from  aroftoi,  contrary  to  law. 

Haughtonite  and  Hiderophyllite  are  kinds  of  biotite  containing  much  iron. 

Manganophyllite  is  a  manganesian  biotite.  Occurs  in  aggregations  of  thin  scales.  Color 
bronze-  to  copper-red.  Streak  pale  red.  From  Pajsberg  and  L&ngban,  Sweden;  Pied- 
mont. Italy. 

The  following  are  typical  analyses  of  biotite:  1,  by  Berwerth;  2,  by  Rammelsberg; 
8,  by  Smith  and  Brush. 

SiOa    A1,0,  Fe,0,    FeO    MgO    CaO  K,0  N«,0  H,0      F 

1.  Vesuvius  89*80    16*95     0*48     8*45    21-89    082  7*79    0*49    4  02    0'8» 

[=  101  08 

2.  Miask,  5/a(;A:  82*49    12*84     6*56   25*18      5*29      -     9*59    0  88    2  42    1*61 

[TiO,  4  03  =  100-34 
8.  ^n<mi»7«.  Greenwood  F.  89*88    14*99     7*68       -      23*69      -    9*11    112    1*80    0*95 

[CI  0-44  =  99-lft 
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Pyr..  etc. — lu  the  closed  tube  gives  a  little  water.    Some  varieties  give  the  reaction  for 


907. 


a 
Section  j.  e. 


fiuoriue  in  the  open  tube;  some  kinds  give  little  or 
CO  reaction  for  iron  with  the  fluxes,  while  others 
;give  strong  reactions  for  iron.  B.B.  whitens  and 
fuses  on  the  thin  edges.  Completely  decomposed 
by  sulpburic  acid,  leaving  the  silica  in  thin  scales. 

Difi.— Distinguished  by  its  dark  green  to  brown 
and  black  color  and  micaceous  structure,  usually 
nearly  uniaxial. 

Recognized  in  tbiii  sections  by  its  brown  (or 
green)  color;  strong  pleochroism  and  strong  absorp- 
tion panillel  to  the  elongation  (unlike  tourmaline). 
Sections  |  e  are  nonpleochroic,  commonly  exhibit 
more  or  less  distinct  hexagonal  outlines  and  yield  a 
negative  sensibly  uniaxial  figure.  Sections  1  e  are 
strongly  pleochroic  and  are  marked  by  fine  parallel 
cleavage  lines  (Fig.  907);  they  also  have  nearly  par- 
allel extinction,  and  show  high  polarization  colors; 
by  reflected  light  they  exhibit  a  peculiar  mottled  or 
watered  sheen  which  is  very  characteristic  and  aids  in  distinguishing  them  from  brown 
hornblende. 

Obfl. — Biotite  is  an  important  constituent  of  many  different  kinds  of  igneous  rocks, 
especially  those  formed  from  magmas  containing  considerable  potash  and  magnesia. 
Oonimon  in  certain  varieties  of  granites,  syenite,  diorite,  etc.,  of  the  massive  granular  type; 
also  in  rhyolite,  trachyte,  and  andesite  among  the  lavas;  in  miuettes,  kersantiies,  etc.  It 
occurs  hIso  as  the  product  of  metamorphic  action  in  a  variety  of  rocks.  It  is  not  infre* 
quently  associated  in  parallel  positior"  with  muscovite.  the  latter,  for  example,  forming  the 
outer  portions  of  plates  having  a  nucleus  of  biotite. 

Some  of  the  prominent  localities  of  crystallized  biotite  are  as  follows:  Vesuvius,  com- 
mon particularly  in  ejected  limestone  masses  on  Monte  Somma,  with  augite,  chrysolite, 
nepiielite,  humite,  etc.  The  crystals  are  sometimes  nearly  colorless  or  yellow  and  then 
usually  complex  in  form;  also  dark  green  to  black;  Mt.  Monzoni  in  the  Fassathal;  Schwarz- 
<>u8tein.  ZilUrthal;  Hezbdnya  and  Morawitza  in  Hungary;  Schelingen  and  otlier  points  in 
the  Kaiserstubl;  the  Laacher  See;  on  the  west  side  of  L.  Ilmen  near  Miask,  etc. 

In  the  United  States  ordinary  biotite  is  common  in  granite,  gneiss,  etc.;  but  notable 
localitievS  of  distinct  crystals  are  not  numerous.  It  occurs  with  mu.sc(>vite  (wh.  see)  as  a 
more  or  less  prominent  constituent  of  the  pegmatite  veins  in  the  New  England  States;  also 
Pennsylvania.  Virginia,  North  Carolina.     Stderophyllite  is  from  the  Pike's  Peak  region. 

Caswellitb.    An  altered  biotite  from  Franklin  Furnace,  N.  J. 


PHLOGOPITE. 

Monoclinic.  In  form  and  angles  near  biotite.  Crystals  prismatic,  tapering; 
cften  large  and  coarse;  in  scales  and  plates. 

Cleavage:  basal,  highly  eminent.  Thin  laminae  tough  and  elastic.  H.  = 
2'5-3.  G.  =  2T8-2'85.  Luster  pearly,  often  submetallic  on  cleayage  surface. 
Color  yellowish  brown  to  brownish  rea,  with  often  something  of  a  copper-like 
reflection ;  also  pale  brownish  yellow,  green,  white,  colorless.  Often  exhibits 
asterisni  in  transmitted  light,  due  to  regularly  arranged  inclusions.  Pleochroism 
ilistinct  in  colored  varieties:  c  brownish  red,  b  brownish  green,  a  yellow. 
Absorption  c  >  b  >  a,  Burgess.  Optically  — .  Ax.  pi.  ||  b,  Bx^  nearly  J_  c. 
Axial  angle  (2E)  small  but  variable  even  in  the  same  specimen,  from  0°  to  17* 
25'  for  red.  Dispersion  p  <  v.  The  axial  angle  appears  to  increase  with  the 
amount  of  iron. 

A  magnesium  mica,  near  biotite,  but  containing  little  iron;  potassium  is 

prominent  as  in  all  the  micas,  and  in  most  cases  fluorine.    Typical  phlogopite, 

I  I 

according  to  Clarke,  is  R,Mg,Al(SiOJ,,  where  E  =  H,K,MgF.     Analyses:  1 
by  Penfield ;  2  by  Clarke  and  Schneider. 
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SO.    AliPi  WaO.  FfiO    MgO   BiK>   KaO  f(m^  H,0     F 
Edwaids       8-702    |  44-»l  10»7    —    0*81  38*90    —   8'40  0-4tf»  5'42  —   ign  (100*)  0-W 

[=  lOOia 
Burgm  89-66  17*00  0*87  0*90  96*49  0*62  9*97  0*60   8-99  8*84  Ti,0 056 

[=  ioo«a 

•Wltli<H»Li,0. 

Obi.— Pblogopite  is  especially  cbaracteristic  of  crystalline  limestone  or  dolomite.  It  i» 
often  associated  with  pyroxene,  iimpbibole,  serpentine,  etc.  Thus  as  at  Pargas,  Fin- 
land; in  St.  Lawrence  Co.  and  Jefferson  Co.,  N.  i.;  also  Buigess,  Ontario,  and  elsewhere 
in  Canada. 

Named  from  ipXoy^xoi,  fire-like,  in  allusion  to  the  color. 

The  asterism  of  pniogopite,  seen  when  a  candle-flame  is  viewed  through  a  thin  sheet,  la 
a  common  character,  particularly  prominent  in  the  kinds  from  northern  New  York  and 
Canada.  It  has  been  shown  to  be  due  to  minute  acicular  inclusions,  rutile  or  toarmaline,. 
arranged  chiefly  in  the  direction  of  the  rays  of  the  pressure-fl&:ure,  producing  a  distinct  aiz- 
rayed  star;  also  parallel  to  the  lines  of  the  percussion-figure,  giving  a  secondary  star,  usually 
less  prominent  than  tbe  other. 

liepidomelaiie.  Near  biotite,  but  characterized  by  the  large  amount  of  ferric  iron 
present  Annite  from  Cape  Ann,  Mass.,  belongs  here.  In  small  six-sided  tables,  or  an 
aggregate  of  minute  scales.  H.  =  8.  G.  =  8*0-8-8.  Color  black,  with  occasionally  a 
Iwk-green  reflection. 

Alnrgite.    A  manganese  mica  from  St.  Marcel.  Piedmont 


Roscoelite.  A  vanadium  mica;  formula  doubtful.  In  minute  scales;  structure  mica- 
ceous. G.  =  8*92-8-94.  Color  clove-brown  to  greenish  brown.  Occurs  at  the  gold  mine 
at  Granite  Creek,  El  Dorado  Co.,  California. 


2.  CUntonlte  Group.     Monoclinio. 

Tbe  minerals  here  included  are  Bometimes  called  the  Brittle  Micas.  Thej 
are  near  the  micas  in  cleayage,  crystalline  form  and  optical  properties,  but  are 
marked  physically  by  the  brittleness  of  the  laminae,  and  cnemically  by  their 
basic  character. 

In  several  respects  they  form  a  transition  from  the  micas  proper  to  the 
chlorites.  Margarite,  or  calcium  mica,  is  a  basic  silicate  of  aluminium  and 
calcium,  while  Chloritoid  is  a  basic  silicate  of  aluminium  and  ferrous  iron, 
(with  magnesium),  like  the  chlorites. 


BSARGARITZ!.     Ealkglimmer  Germ. 

Monoclinic.  Rarely  in  distinct  crystals.  Usually  in  intersecting  or 
aggregated  laminae;  sometimes  massive,  with  a  scaly  structure. 

Cleavage:  basal,  perfect.  Laminae  rather  brittle.  H.  =  3-5-4-5.  G.  = 
2'99-3*08.  Luster  of  base  pearly,  of  lateral  faces  vitreous.  Color  grayish, 
reddish  white,  pink,  yellowish.     Translucent,  subtranslucent. 

Optically  — .  Ax.  pi.  J.  h,  Bxa  approximately  J_  c,  but  varying  more 
widely  than  the  ordinary  micas,  a  c  =  +  6^°.  Dispersion  p  <  v.  Axial 
angle  large,  from  100°  to  120"  in  air.     Refractive  index  /3  =  1-G4-1*C5. 

€omp.  —  n,CaAl,Si,0„  =  Silica  30-2,  alumina  51*3,  lime  liO,  water 
4-5  =  100. 

Pyr.,  etc.— Yields  water  in  the  closed  tube.  B.B.  whitens  and  fuses  on  the  edges. 
Slowly  and  imperfectly  decomposed  by  boiling  hydrochloric  acid. 

Obs. — Associated  commonly  with  corundum,  and  in  many  cases  obviously  formed 
directly  from  it;  thus  at  th<J  emery  deposits  of  Gumuch-dagh  in  Asia  Minor,  the  islands 
Naxos.  Nicaria,  etc.  Occp-s  in  chlorite  of  Mt.  Greiner.  Sierzing,  Tyrol.  In  the  U.  8.,  at 
the  emery  mine  at  Cheste*    Mass.;   at  Union ville,  Chester  Co.,  Pa.;   with  corundum*  ia 
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Madison  Co.  and  elsewhere  in  North  Carolina;  at  GainesTille,  Hall  Co.,  Georgia;  at  Dudley- 
ville.  Alabama. 

Kamed  Margarite  from  ^apyapirrji,  pearL 

SETBERTTTX!.    Clintonite.    Brandisite. 

MoDoclinic,  near  biotite  in  form.  Also  foliated  massive;  sometimes 
lamellar  radiate. 

Cleavage:  basal,  perfect.  Structure  foliated,  micaceous.  Laminae  brittle.  ' 
Percussion-  and  pressure-figures,  as  with  mica.  H.  =  4-5.  G.  =  3-31.  Luster 
pearly  submetallic.  Color  reddish  brown,  yellowish,  copper-red.  Streak 
uncolored,  or  slightly  yellowish  or  grayish.  Pleochroism  rather  feeble.  Opti- 
cally — .  Ax.  pi.  _L  0  seyhertite;  ||  h  brandisite.  Bx^  nearly  _L  c.  Axial  angles 
variable,  but  not  large.     Birefringence  high. 

Var. — 1.  The  Amity  aeybertite  {clintonite)  is  in  reddish-brown  to  copper-red  brittle 
foliated  masses;  the  surfaces  of  the  folia  often  marked  with  equilateral  tiiaugles  like  some 
micu  and  chlorite.     Axial  angle  8''-18*'. 

2.  Brandisite  (disterrite),  from  the  Fassathal,  Tyrol,  Is  in  hexagonal  piisms  of  a  yellowish- 
green  or  leek-green  color  to  reddish  gray;  H.  =  5  of  base;  of  sides,  6-6*5.  Ax.  plane  |  6. 
Axial  angle  15-80''.     Some  of  it  pseudumorphous.  after  fassiiite. 

Comp— In  part  H,(Mg,Ca),Al,Si,0„  =  3H,O.10(Mg,Ca)O.5Al,O,.4SiO,. 

F3rr.,  etc. — Yields  water.  B.B.  infusible  alone,  but  whitens.  In  powder  acted  on  by 
concentrated  acids. 

Obs. — Seyhertite  occurs  at  Amity,  N.  T.,  in  limestone  with  serpentine,  associated  with 
amphibole,  spinel,  pyroxene,  graphite,  etc. ;  also  a  chlorite  near  leuchtenberirite.  Brandigite 
occurs  ou  Mt.  Monzooi  in  the  Fassathal,  Tyrol,  in  white  limestone,  with  fussaite  and  bine  k 
spinel. 

Zanthophyllite.  Perhaps  H«(Mg,Ca)i4Ali68ibOfts.  The  original  xanthophylliie  is  in 
crusts  or  in  implanted  globular  forms.  Optically  negative.  Ax.  nnffle  usually  very  small, 
or  sensibly  uniaxial;  sometimes  20®.     Fiom  near  Zlatoust  in  the  Unil. 

Waluemte  is  the  same  species  occurring  in  distinct  pseudo-rhombohedral  crystals.  Folia 
brittle.  H.  =  4*6.  G.  =  3098.  Luster  vitreous;  on  cleavage  plane  ptarly.  Color  leek- 
to  bottle-green.  Transparent  to  translucent.  Pleochroism  rather  feeble:  \h  fine  green; 
1  h  reddish  brown.  Optically  -.  Ax.  pi.  I  5.  Bx  sensibly  i  c.  2E  =  l-OMO".  Axial 
angle  IT  to  82**.  Found  with  perovskite  and  other  species  in  chloritic  schists  near  Achma- 
tovsk,  in  the  southern  Ural. 

CHLORITOID.     Chloritspath.     Ottrelite.     Phyllite. 

Probably  triclinic.  Rarely  in  distinct  tabular  crystals,  usually  hexagonal 
in  outline,  often  twinned  with  the  individuals  turned  in  azimuth  120°  to  each 
other.  Crystals  grouped  in  rosettes.  Usually  coarsely  foliated  massive;  folia 
often  curved  or  bent;  and  brittle;  also  in  thin  scales  or  small  plates  dissemin- 
ated through  the  containing  rock. 

Cleavage:  basal,  but  less  perfect  than  with  the  micas;  also  imperfect  parallel 
to  planes  inclined  to  the  base  nearly  90*^  and  to  each  other  about  <>0°;  h  diffi- 
cult. Laminae  brittle.  H.  =  6-5.  6.  =  3*52-3-57.  Color  dark  gray,  greenish 
gray,  greenish  black,  grayish  black,  often  grass-green  in  very  thin  plates. 
Streak  uncolored,  or  grayish,  or  very  slightly  greenish.  Luster  of  surface  of 
cleavage  somewhat  pearly, 

Pleochroism  strong:  c  yellow-green,  b  indigo-blue,  a  olive-green.  Optically 
-f .  Ax.  pi.  nearly  ||  h,  Bx^  inclined  about  12°  or  more  to  the  normal  to  c  (001). 
Dispersion  p  >  v,  large,  also  horizontal.  Axial  angles  large,  in  air  100°  to 
118  .     Birefringence  low,  y  —  a  =  0*015. 

Comp.— For  chloritoid  H,(Fe.Mg)A],SiO,.  If  iron  alone  is  present,  this 
requires:  Silica  23*8,  alumina  40*5,  iron  protoxide  28'5,  water  7*2  =  100. 
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nft-^Reocmised  by  tbe  crftM  oiitllneB uid gen^nil  BiicaoMw«ppeariiiioe;  high  r^it^i 
green  colors;  distiuet  cleavage;  frequent  twinohig;  strong  pbkocbroism  and  low  inierfer^ 
ence-colors.  By  the  last  cbaracter  readily  disliuguisbed  from  the  micas;  also  by  the  high 
relief  and  extinetion  oblique  to  tbe  cleavage  from  the  chlorites. 

Obs. — Chloritoid  (ottrelite,  etc.)  are  characteristic  of  sedimentary  rocks  which  liave  suf- 
fered dynamic  meiamorpbism,  especially  in  tbe  earlier  ttases;  thos  found  in  arglllitea.  cod* 
glomerates,  etc.,  which  have  assumed  the  schistose  condition.  With  more  advanced  degree 
of  metamorpbism  it  disappears.  Often  grouped  in  fan-shaped,  sheaf-like  forms,  aim  in 
irreffulur  or  rounded  grains. 

The  original  ehlartioid  from  Kosoibrod,  near  Ekaterinburg  in  the  Ural,  is  in  krge  curv- 
ing lamiufB  or  plates,  grayish  to  blackish  green  in  color,  often  spotted  with  yellow  from 
muture  with  limonite.  Other  localities  are  He  le  Groix  (Morbihan);  embedded  in  laii^e 
crystals  nt  Vaulup,  Shetland;  A.rdenD«s  in  schists  with  ottrelite;  also  from  Upper  Michigau; 
Leeds,  Canada,  etc. 

Qiamondine  (Hi4FeTA1i«Si.0M)  is  from  St.  Marcel;  it  occurs  also  with  glaucophane  ftt 
Zermatt  in  the  Yalais,  Switzerland,  and  elsewhere. 

BalmUe  is  a  manganesitm  variety  occurring  in  irregular  masses,  having  a  coarse  saccha- 
roidal  structure  and  grayish  color.    G.  =  8'W.    From  Vielsalm.  Belgium. 

iiMonUe,^iTom  I^tlc,  R.  I.,  is  in  verv broad  plates  of  a  dark  grayish-green  color,  but 
bluish  green  in  very  thiti  lamia»  parallel  to  e,  and  grayish  green  at  right  angles  to  this; 
occurs  In  argillaceous  schist. 

OUnliU  is  generally  classed  with  chloritoid,  though  it  is  not  certain  that  they  are  idea* 
tical;  it  seems  to  have  the  composition  Ht(Fe,Hn)AlsSi|0».  It  occurs  in  smtul,  oblo&ff, 
fining  scales  or  plates,  more  or  less  hexagonal  in  form  and  my  to  black  in  color;  in  argfl- 
laoeous  schist  near  Ottrez,  on  Ute  borders  of  Luxembourg,  and  from  the  Ardennes:  also  B^ar 
Serravezza.  Tuscany;  Tintagel  in  Oomwall.  VenoiouiU  is  from  Venasque  in  the  PyreneM^ 
and  from  Teul6.  Unistdre^    P/^UU$  is  from  the  schists  of  New  Englaod. 


3.  Chlorite  Group.     Monoclinio. 

The  Ghlobitb  Oboup  takes  its  name  from  the  fact  that  a  large  part  of  the 
minerals  included  in  it  are  characterized  by  the  green  color  common  with  aili^ 
cates  in  which  ferrons  iron  is  prominent.  Tbe  species  are  in  many  respects 
closely  related  to  the  micas.  They  crystallize  in  the  monoclinic  system,  but 
in  part  with  distinct  monoclinic  symmetry,  in  part  with  rhombohedral  symme- 
try, with  corresponding  uniaxial  optical  character.  The  plane  angles  of  the 
base  are  also  60°  or  120'^',  marking  the  mutual  inclinations  of  the  chief  zones 
of  forms.  The  mica-like  basal  cleavage  is  prominent  in  distinctly  crystallized 
forms,  but  the  laminas  are  tough  and  comparatively  inelastic.  Percussion- 
and  pressure -figures  may  be  obtained  as  with  the  micas  and  have  the  same  ori- 
entation. The  etching-figures  are  in  general  monoclinic  in  symmetry,  in  part 
also  asymmetric,  suggesting  a  reference  to  the  triclinic  system. 

Chemically  considered  the  chlorites  are  silicates  of  aluminium  with  ferrous 
iron  and  magnesium  and  chemically  combined  water.  Ferric  iron  may  he 
present  replacing  the  aluminium  in  small  amount;  chromium  enters  similarly 
in  some  forms,  which  are  then  usually  of  a  pink  instead  of  the  more  common 
green  color.  Manganese  replaces  the  ferrons  iron  in  a  few  cases.  Calcium 
and  alkalies — characteristic  of  all  the  true  micas — are  conspicuously  absent,  or 
present  only  in  small  amount. 

The  only  d  istinctly  crystallized  species  of  the  Chlorite  Group  are  Clinochlore 
and  Penninite.  These  seem  to  have  the  same  composition,  but  while  tlip 
former  is  monoclinic  in  form  and  habit,  the  latter  is  pseudo-rhombohedral  and 
usually  uniaxial.  Prochlorite  (including  some  ripidolite)  and  Corundophilite 
also  occur  in  distinct  cleavage  masses. 

Besides  the  species  named  there  are  other  kinds  less  distinct  in  form,occur- 
Tincr  in  scales,  also  fibrous  to  massive  or  earthy;  they  are  often  of  more  or  less 
undetermined  composition,  but  in  many  cases,  because  of  their  extensive  occur- 
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rence^  of  considerable  geological  importance.  These  latter  forms  occur  as 
secondary  minerals  resulting  from  the  alteration  especially  of  ferro-magnesian 
silicates,  such  as  biotite,  pyroxene,  amphibole;  also  garnet,  vesuyianite,  etc. 
They  are  often  accompanied  by  other  secondary  minerals,  as  serpentine,  limon- 
ite,  calcite,  etc.,  especially  in  the  altered  forms  of  basic  rocks. 

The  rock-making  chlorites  are  recognized  in  thin  sections  by  their  charac- 
teristic appearance  in  thin  leaves,  scales  or  fibers,  sometimes  aggregated  into 
spherulites;  by  their  greenish  color;  pleochroism;  extinction  parallel  to  the 
cleavage  (unlike  chloritoid  and  ottrelite);  low  relief  and  extremely  low  inter- 
ference-colors,  which  frequently  exhibit  the  "  ultra-blue."  By  this  latter  char- 
acter they  are  readily  distinguished  from  the  micas,  which  they  strongly 
resemble  and  with  which  they  are  frequently  associated. 


ClilNOOHIiORE.     Ripidolite  pt 

Monoclinic.     Axes:  a  :h:i  =  0-57735  :  1  :  22772;  /3  =  89°  40\ 
908.  909.  910. 


»t« 


Pfiiscli. 


Schwarzenstein. 


Zillerthal. 


Crystals  usually  hexagonal  in  form,  often  tabular  ||  c.  Plane  angles  of  the 
basal  section  =  60°  or  120°,  and  since  closely  similar  angles  are  found  in  the 
zones  which  are  separated  by  60°,  the  symmetry  approxi-  911. 

mates  to  that  of  the  rhombohedral  system. 

Twins:  (1)  ^fica  law,  tw.  pi.  .Lcin  the  zone  cm^; 
sometimes  contact-twins  with  c  as  comp.-face,  the  one  part 
revolved  60''  or  a  multiple  of  60°  in  azimuth  with  refer- 
ence to  the  other;  also  in  threefold  twins.  (2)  Pennhi- 
ite  laWy  tw.  pi.  r,  contact-twins  also  united  by  c  (Fi^.  910); 
here  corresponding  faces  differ  180°  in  position.  Massive, 
coarse  scaly  granular  to  fine  granular  and  earthy. 

Cleavage:  c  highly  perfect.  Laminae  flexible  tough,  and 
but  slightly  elastic.  Percussion-figure  and  pressure- 
figures  orientated  as  with  the  micas  (p.  464).  H.  =  2-2*5. 
Luster  of  cleavage-face  some  what  pearly.  Color  deep  grass-green 
to  olive-green;  pale  green  to  yellowish  and  white;  also  rose-re'l. 
Streak  greenish  white  to  uncolored.  Transparent  to  translucent.  Pleo- 
chroism not  strong,  for  green  varieties  usually  a  green,  c  yellow. 
Optically  usually  -4-.  Ax.  pi.  in  most  cases  ||  h.  Bxa  inclined  some- 
what to  the  normal  to  r,  forward  ;  for  Achmatovsk  2°  30'.  Dispersion 
p  <  V,  Axial  ansrles  variable,  even  in  the  same  crystal,  2E  =  20°-90°;  some- 
times sensibly  uniaxial.     Birefringence  low.     ft  =  1*588;  y  —  a  ^  O'Oll. 

Var. — 1.  Ordinary:  ereen  clinorhlore,  pn.«siDg  into  bluish  green;  (a)  in  cry^tnU,  as 
described.  usuuUy  with  distinct  monoclinic  symmetry;  (b)  foliated;  (c)  massive. 

Leurhtenhergite.  Contains  usunlly  little  or  no  iron.  Color  white,  pale  green,  yellowish; 
often  resembles  talc.     From  near  Zlatoust  in  ihe  Ural. 

KoUehiibeiU.  Contains  several  per  cent  of  chromium  oxide.  Crystals  rhombohedral  in 
habit.     Color  rose-red.     From  the  southern  Ural. 


Achmatovsk. 
G.  -  2-r)5-2-7H. 
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Mangantftrovi,  Hang&Dcljlorite.  A  chlotjla  from  iLe  Hanllg  mine  neav  Pujaherg, 
Swi-tleu.  is  t>iK;uliur  in  cuutaiuing  23  p.  c.  MaO. 

Camp.— Normally  H,Mg,AI,Si,0„  =  4H,0.5MgO.Al,0,.3SiO,  =  Silica  33  5, 
alumina  lij'-l,  magnesia  3G-1,  water  13'0  =  ]U0.  Ferrous  irou  usually  replaces 
a  amull  part  of  the  magaeala,  and  the  same  ie  true  of  manganese  rarely ;  some- 
times chromium  replaces  the  alumiuium. 

Pyr..  «tc. — Yields  wuler.  B.B.  in  tlie  plstinum  forceps  wbilens  and  fusei  «ilh 
dilUculiy  (ID  ilie  edges  lu  n  grayisli-blBck  glass.  Willi  borax,  a  clear  gluss  coJoied  by  Iron, 
and  "otneliiDen  cbromium.     lu  sulpLuric  acid  wbolly  decompuEcd. 

Ob», — Occurs  ill  couuectioii  wiiL  clilorilic  iiud  lulcose  rocka  ur  scliisls  ami  serpeDline'; 
Bomeiiiues  iu  parallel  position  nilli  biotite  ur  pLIogopiie.  *  ProiiiiDeiii  localities  are:  Acli- 
malovak  lu  Ibe  L'ral;  Ala  in  Pledniont;  tbe  Zillertbal;  Zermatl,  Swiiierlao'l:  Maiieoberg. 
BaxODy;  Ztijitau,  Moravia.     A  manganeriau  viiriety  oecure  at  Pajsberg,  Sweden 

In  Ibe  U.  Stales,  at  WeslcheBter,  Penii.,  in  large  

Texas,  Penii.;  at  tbe  iiingnelic  iron  mine  at  Brews! 

PBNNIHITB.     PeDQine. 

Appareutlj  rhombohedral  in  form  but  strictly  pBeudo-rhombohedral  anil 
monociinic. 

Habit  rhombohedral:  sometimes  thick   tabular  with  t-  prominent,  again 
steep  rhombohedral;    also  in   taperine 
**^'  eix-sided     pyramids.      Hhomboned  riu 

faces  often  horizontally  striated.  Crys- 
tals often  in  crested  groups  Also 
uiasEive,  consiBting  of  an  aggregation 
of  scales;  also  compact  cryptocrystal- 
liue. 

Clenyage:  c  highly  perfect,   Laminse 
.j.gj^  Zeriontt.  flexible.     Percussion -figure  and   press- 

ure-figure as  with  clinoeliloro  but  less 
easy  to  obtain;  not  elastic.  H.  =  2-2-5.  G.  =  2-6-285.  Luster  of  cleavage- 
surface  pearly;  of  lateral  plates  vitreous,  and  sometimes  brilliant.  Color  emer- 
ald- to  olive-green;  also  violet,  pink,  rose-red,  grayish  red:  occasionally  yellow- 
ish and  silver-white.  Transparent  to  subtran since nt.  Pleochroism  distinct: 
usually  y  c  green;  J_o  yellow.  Optically  -|-,alBO  — ,and  sometimes  both  in  adja- 
cent laminte  of  the  same  crystal.  Usually  sensibly  uniaxial,  but  sometimes  dis- 
tinctly biaxial  (occasionally  2E  —  61°)  and  both  in  the  same  section.  Some- 
times a  uniaxial  nucleus  while  the  border  is  biaxial  with  2E  =  36°,  the  latter 
probably  to  be  referred  to  clinochlore.     Indices  1'576  and  1'579  Levy-Lex. 

Var.— 1.  PerniiniU,  as  first  named,  Included  a  green  crystallized  clilorile  from  tbe 
PennlDioe  Alps, 

Kammererile.  In  hexagoQal  forms  bounded  by  steep  six-Elded  lyrauiids.  Color 
kermes-red;  peacb-bloBsom-red.  PleocLioism  rtiatinci.  Optically  -  from  L.  Ilknl,  Blaersk, 
Perm,  Russia:  +  Texas,  Pa,  Uniaxial  or  biaxial  with  ailal  angle  up  to  20'.  Rbodo- 
pUyliile  froin  Teiaa,  Pa.,  and  rhodocbrome  from  L.  Itkiil  belong  here. 

Pimdophite  is  compact  maasive,  without  cleavage,  and  reaemlileB  serpentine. 
Comp. — Esseutially  the  same  as  clinochlore,  H,(Mg,Fe),Al,Si,0„. 
Pyr.,  etc.— Tn  the  closed  lube  yields  water.     B.B,  exfoliates  somewhat  and  Is  difficultly 
fusible.     With  tbe  fluxes  all  varieties  give  reactions  for  Iron,  and  many  varieties  re«ct  for 
cbromium.     Partially  decomposed  by  hydrocliloric  and  completely  by  sulpburlc  acid. 

OIm,— Occurs  with  serpentine  in  the  region  nf  Zermatt,  Valaia,  near  Ml.  Rosa,  eapeclally 
tu  Ibe  moraines  of  the  Findelen  glacier;  cryglals  from  Zermatt  are  sometimes  3  In.  long  and 
1^  Id.  thick:  also  at  the  foot  of  tbe  Simplon;  at  Ala,  Piedmont,  with  cllnocblore:  at 
Sell war/KL stein  iu  Tyrol;  at  Tnberg  in  Wermland;  at  Snarum.  irreeuisb  and  foliated. 

Kilinmtrerile  is  found  at  tbe  localities  already  roeulloned;  also  near  Minsk  in  tlie  Ural; 
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at  Haroldswick  ia  Unst,  Shetland  Isles.  In  large  crystals  enclosed  in  the  tale  in  crevices  of 
the  cbromite  from  Kraubat,  Styria.  Abundant  at  Texas,  Lancaster  Co.,  Pa.,  along  witk 
cliuocblore,  some  crystals  being  embedded  in  clinochlore,  or  the  reverse.  Also  in  N.  Caro^ 
Una,  with  cbromite  at  Culsagee,  Macon  Co.;  Webster,  Jackson  Co. ;  and  other  points. 

PROOHLORITE.     Ripidolite  pt. 

Monoclinic.  In  six-sided  tables  or  prisms,  the  side  planes  strongly  furrowed 
and  dull.  Crystals  often  implanted  by  their  sides,  and  in  divergent  groups,, 
fan-shaped,  vermicular,  or  spneroidal.  Also  in  large  folia.  Massive,  foliated, 
or  granular. 

H.  =  1-2.  G.  =  2'78-2'96.  Translucent  to  opaque;  transparent  only  in 
very  thin  folia.  Luster  of  cleavage  surface  feebly  pearly.  Color  green,  grass* 
green,  olive-green,  blackish  green;  across  the  axis  by  transmitted  light  some- 
times red.  Streak  uncolored  or  greenish.  Laminae  flexible,  not  elastic. 
Pleochroism  distinct.  Optically  -f-  ii^  most  cases.  Bx  inclined  to  the  normal 
to  c  some  2°.  Axial  angle  small,  often  nearly  uniaxial;  again  2E  =  23° — 30\ 
Dispersion  p  <v, 

Comp. — Lower  in  silicon  than  clinochlore,  and  with  ferrous  iron  usually^ 
but  not  always,  in  large  amount.     Analysis  by  Egger: 

SiO,         A1,0«         Fe,0«         FeO         MgO         CaO         H,0 

Zillerthal  2602  20-16  1-07  2808         15*50         0*44         965  =  100*9^ 

Obfl. — Like  otber^cblorites  in  modes  of  occurrence.  Sometimes  in  iniplanted  crystals,, 
as  at  St.  Gotbard,  enveloping  often  adularia,  etc.;  Mt.  Greiner  in  the  Zillerthal,  Tyrol; 
Kauris  in  Salzbure;  Traversella  in  Piedmont;  at  Mtn.  Sept  Lacs  and  St.  Cristopbe  in 
Daupbine:  in  Styrm.  Bohemia.  Also  massive  in  Cornwall,  iu  tin  veins;  at  Areudal  iu 
Norway;  Salberg  and  Dannemora.  Sweden;  Dognacska,  Hungary.  Occasionally  formed 
from  ampbibole.  In  Scotland  at  various  points.  In  the  U.  States,  near  Washington;  on 
Castle  Mt.,  Batesville,  Va.,  a  massive  form  resembling  soapstone,  color  grayish  green,  feel 
greasy;  Steele's  mine,  Montgomery  Co.,  N.  C. ;  also  with  corundum  at  the  Culsagee  mine,, 
in  broad  plates  of  a  dark  green  color  and  fine  scaly;  it  differs  from  ordinary  procblorite  in 
the  small  amount  of  ferrous  iron. 

Oorundophilite.  A  chlorite  occurring  in  deep  green  laminse  resembling  clinochlore  but 
more  brittle;  contains  but  24  p.  c.  SiOa.     Occurs  with  corundum  at  Chester,  Mass. 

Amesite.    H4(Mg,Fe)sAlaSi09.    Silica  21*4  p.  c.    In  hexagonal  plates,  foliated,  resem- 
bling the  green  talc  from  the  Tyrol.     H.=  2'5-8.     G.  =  2*71.    Color  apple-green.    Luster 
Sany  on  cleavage  face.    Optically  -f  >  sensibly  uniaxial.    Occurs  with  diaspore  at  Chester^ 
uss. 

Other  Chlorites.  Besides  the  chlorites  already  described  which  occur  usually  in 
distinct  crystals  or  plates,  there  are.  as  noted  on  p.  472,  forms  varying  from  fine  scaly  to- 
fibrous  and  earthy,  which  as  already  noted  are  prominent  in  rocks.  In  some  cases  ibey 
may  belong  to  the  species  before  described,  but  frequently  the  want  of  sufilcient  pure- 
maierial  has  left  their  composition  in  doubt.  These  chlorites  are  commonly  characterized 
by  their  green  color,  distinct  pleochroism  and  low  birefringence  (p.  473). 

The  following  are  names  which  have  been  given  particularly  to  the  chlorites  filling 
cavities  or  seams  in  basic  igneous  rocks:  aplirond&riie,  dicAantite,  deUstiU^  epiMarite,  euraUie^ 
chUyrophcnte,  hullite. 

The  following  are  other  related  minerals. 

Oronstedite.    4FeO.2Fe3Os.8SiO9.4HsO.    Occurs  tapering  in  hexagonal  pyramids;  also 
in  diverging  groups;  amorphous.     Cleavage:   basal,  highly  perfect.     Thin  laminse  elastic. 
G.  =  3*^8*85.     Color  coal-black  to  brownish  black;  by  transmitted  light  in  thin  scalea 
emerald -green.     Streak  dark  olive-green.    From  PHbram  in  Bohemia;  also  in  Cornwall. 

Thuringite.      8FeO.4(Al,Fe)sOs.6SiOs.0HsO.      Massive;    an    aggregation    of    minute 

S early  scales.    Color  olive-green  to  pistachio-green.    From  near  Saalfeld,  in  Thuringia: 
[ot  Springs,  Arkansas,  etc. ;  from  the  metamorphic  rocks  on  the  Potomac,  near  Hnrper'a 
Ferry  (oiMntte). 
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Chamobitb.  CoDtaiiM  iron  (FeO)  with  but  little  MgO.  Ocean  compact  or  oOlftio. 
with  H.  about  8;  G.  =  8-8 '4;  color  greenish  gray  to  black.  Fh>in  Chamoeon,  near  St. 
Maurice,  iu  the  Valaia. 

BtUpnomelaiie.  An  iron  silicate.  In  foliated  plates;  also  fibrous,  or  as  a  velvety  coat* 
Ing.  G.  =  2'77-2*96.  Color  black,  greenish  black.  Occurs  at  Obergrund  and  elsewhere 
in  Silesia;  also  in  Moravia;  near  Wdlburg,  Nassau.  ChaleodiU,  from  the  Sterling  Iron 
mine,  in  Antwerp,  Jeiferson  Co.,  N.  Y.,  coating  hematite  and  calcite,  is  the  same  minenal 
in  velvety  coating  of  mica-like  scales  with  a  bronse  color. 

BtrigoTite.  H«Fei(Al,Fe)iSi«0.  In  agmgations  of  minute  crystals.  Color  dark 
ffreen.  Occurs  as  a  fine  coating  over  the  Snerals  in  cavities  in  the  granite  of  Striegau  iu 
Silesia. 

Rnmpfite.  H«tMgTAli«Sii«0«».  Massive;  granular,  consisting  of  very  fine  eoidea. 
Color  greenish  white.    Occurs  with  talc  near  St.  Michael  in  Upper  Btyria. 

APPENDIX  TO  THE  MICA  DIVISION.— VERMICULITES. 

The  Vbbmicuutb  Group  includes  a  number  of  micaceous  minerals,  all  hydrated  sUi- 
•cates,  in  part  closely  related  to  the  chlorites,  but  vatyiiig  somewhat  widely  in  compod- 
tion.  They  are  nlteration-products  chiefly  of  the  micas,  bk>tite,  phlogopite,  etc.,  and  retain 
more  or  less  perfectly  tbe  micaceous  cleavage,  and  often  show  the  negative  optical  character 
«ttd  small  axiiil  angle  of  the  original  species.  Many  of  them  are  of  a  more  or  less  indefinite 
chemical  nature,  and  the  composition  varies  with  that  of  the  original  mineral  and  with  the 
degree  of  alteration. 

The  laminfB  in  general  are  soft,  pliable,  and  inelastic;  the  luster  pearly  or  bronze-like, 
and  the  color  varies  from  white  to  vellow  and  brown.  Heated  to  100*-110*  or  dried  over 
sulphuric  acid  most  of  tbe  vermiculites  lose  considerable  water,  up  to  10  p.  c,  which  is 
probably  hygroscopic;  at  800*  another  portion  is  often  given  oif ;  and  at  a  red  heat  a  some- 
what larger  amount  is  expelled.  Connected  with  the  loes  of  water  upon  ignition  is  the 
•common  physical  character  of  exfoliation;  some  of  the  kinds  especially  show  this  to  a 
marked  degree,  slowly  opening  out,  when  heated  gradually,  into  long  worm-like  threads. 
This  character  has  given  the  name  to  the  grroup,  from  the  Latin  temUeulari,  to  ftrssrf  lo^rmt. 
The  minerals  included  can  hardly  rank  as  distinct  species  and  only  their  names  can 
be  given  here:  Jiiferisite,  vermietUUe,  euUage^Ue,  kgrriU,  UnnHiU,  haUite,  phiOad$lpkU$^ 
-vaaaie,  tnaeoniie,  dudkyite,  pyrotderUe. 


III.  Serpentine  and  Talc  Division. 

The  leading  species  belonging  here.  Serpentine  and  Talc,  are  closely  related 
to  the  Chlorite  Group  of  the  Mica  Division  preceding,  as  noted  beyond. 
Some  other  magnesium  silicates,  in  part  amorphous,  are  included  with  them. 

8BRPENTINE. 

Monoclinic.  In  distinct  crystals,  but  only  as  pseudomorphs.  Sometimes 
foliated,  folia  rarely  separable;  also  delicately  fibrous,  the  fibers  often  easily 
separable,  atid  eitlier  flexible  or  brittle.  Usually  massive,  but  microscopically 
finely  fibrous  and  felted,  also  fine  granular  to  impalpable  or  cryptocrjstalline; 
slaty.  Crystalline  in  structure  but  often  by  compensation  nearly  isotropic; 
amorphous. 

Cleavage  ^  (010),  sometimes  distinct;  also  prismatic  (50°)  in  chrysotile. 
Fracture  usually  conchoidal  or  splintery.  Feel  smooth,  sometimes  greasy. 
H.  =  2*5-4,  rarely  5*5.  6.  =  2-50-2'65;  some  fibrous  varieties  2'2-2-3;  retinal- 
ite,  2'36-2*55.  Luster  subresinous  to  greasv,  pearly,  earthy;  resin-like,  or 
wax-like;  usually  feeble.     Color  leek-green,  blackish  green;    oil- and  siskin- 

S*een;  brownish  red,  brownish  yellow;  none  bright;  sometimes  nearly  white, 
n  exposure,  often  becoming  yellowish  gray.     Streak  white,  slightly  shining. 
Translucent  to  opaque. 
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Pleochroism  feeble.  Optically  — ,  perhapa  also  +  in  chrysotile.  Donbld 
refraction  weak.  Ax.  pi.  |  a  (100).  Bz  (a)  _L  i  (010)  the  cleavage  surface;  c  | 
elongation  of  fibers.  Biaxial,  angle  variable,  often  large;  2V  =  30°  to  90  . 
Indices: 

Attligorite     «  =^  ISSO  /(=  1B70    y  =  1571    y  -  it  =  0011  Lfivy-Lcx. 
Tar.— Mauy  unsiisiftinet]  s[>ecleB  liav«  been  made  out  of  serpeoiine,  differing  in  struc- 
lure  (niusaive,  slaty,  foliated,  dbrous),  or.  as  supposed.  In  cbemlcul  compoBitiou.  and  tlit'se 
uow.  Ill  purt,  HtHud  as  varieties,  ainug  willi  suine  others  bused  ud  varialiuiiB  lu  texture,  etc. 

A.  In  CRVBTALa — PBECDuuoDrua.  Tbe  most  cummoa  bave  tLe  forin  of  clirysolite 
Oilier  kiods  ate  pseudomurplia  after  pyroieoe,  ampbibole,  spioei,  cbondrodite,  gsniel, 
phlogopite,  etc.  BatUle  or  tiehilUr  Spar  Is  euslalite  (bypcratLeDe)  altered  more  or  lesa 
coiiipltlely  to  sorpenlinB.     Bee  p.  888. 

B.  Habbive.  1.  Ordinary  maitive.  (a;  Frtdout  or  SobU  Serpentine  is  of  n  rich  oil- 
grecu  color,  of  pale  or  dark  sbades,  and  transluceut  even  wben  iu  thick  pieces.  {b\ 
Common  Serptntint  is  of  dark  sliades  of  color,  aod  sublransluceot.  Tbe  former  baa  a 
hardoess  of  25-8;  tbe  latter  ofteu  of  4  or  beyond,  owinK  to  impurities. 

Setintnu.  HetinaliU.  Hauive,  bouey-yellow  to  iTgbt  u)l  greci:,  wnxy  or  resiD'lIke 
luster. 

Bowenite  (Nepbrite  Bovitn).  Massive,  of  very  fine  granuliir  texture,  and  tuucb  resembles 
nephrite,  and  was  long  so  called.  It  la  app1e>grecn  or  greeolsb  wlilte  in  color;  O.  =  2-5M- 
2  787.  Bowen:  and  it  bas  tbe  UDUSual  barduess  9'5-e.  Prom  SmilhUeld.  R.  1.;  also  a  sim- 
ilar kind  from  New  21caland. 

C.  Lamellar.  Aniigorite,  tbio  lamellar  in  Biructure.  Beparaling  Inlo  translucent  folia; 
H.  =  3-5;  G  =  a-633;  color  brownish  green  by  reflected  ligbt;  feel  smoolh,  but  uot  gi^isy. 
Piom  An tigorio  valley,  Piedmout. 

D.  Thik  Foliatbd.  MarmotiU,  tblu  foliated ;  the  Inmiute  brittle  but  separable.  O.  = 
2*41;  colors  greenisb  white,  bluish  while  to  pale  asparagus-green.     Protn  Hoboken,  N.  J. 

E.  Fibrous.  Chrytotile.  Delicately  fibrous,  ihe  tibers  usually  flexible  and  easily 
feparating;  luster  silky,  or  silky  metallic:  color  greenUh  while,  green,  olive-green,  yellow 
and  browoisb:  G  =  3319.  Often  conntituleB  seams  in  serpeniiue.  It  includes  most  of  tbe 
silky  amianUiut  of  serpentine  rocks  aitd  much  of  what  is  popularly  called  aibetlvt 
(asbestos).    Of.  p.  401. 

PicTolite.  columnar,  but  flbera  or  columns  not  easily  fiexible,  and  often  not  easily  sepa- 
rable, or  afFordiug  only  a  splintery  fracture;  color  daik  green  to  moun lain- green,  gray, 
brown.     Tbe  original  was  from  Taberg,  Sweden.     BaiUmorile  Ib  plcrolite  from  Bare  Ililla, 

F.  Serpentine  Rocks.  SerpcDline  often  coiislltules  rock-mneaeB.  It  frequently 
occurs  mixed  with  more  or  less  of  dolomite,  magnesite,  orcalcite,  making  a  rock  of  clouded 
green,  sometimes  veined  with  while  or  pHle  green,  called  Mrdn»(i^e,  ophiolitt.  tit  cphiealcite. 
SerjientlDe  mck  is  sometimes  mottled  with  red,  or  has  something  of  tbe  aspect  of  a  red 
porphyry;  the  reddish  portions  coulaining  an  uniiaiial  amount  of  o\ide  of  iron.  Any  ser- 
pentine rock  cut  into  slaDS  and  polished  Is  called  terpetitine  marbla. 

Microscopic  examinuifon  has  estabiiabed  the  fact  tbat  serpentine  in  rock-ma-'ses  has  been 
largely  produced  by  tbe  alteration  of  chrysolite,  and   many  apparently  homogeneous  s 

pentiues  show  more  or  less  of  Ibis  original  mineral.     In  other  cr —  ''  "■ '■-"  ' * 

iilteration  of  pyroxene  or  ampliibole.  Sections  of  Ihe 
serpentine  derived  from  chrysolite  often  show  a  pecu- 
liar structure,  like  the  meshes  of  a  net  iPig.  B14):  the 
lines  marked  by  grains  of  magnetite  also  follow  tbe 
original  cracks  h  no  cleavage  directions  of  the  chrysolite 
(Pig.  61.1,  a).  The  serpentine  from  ampblbole  and  pyrox- 
ene commonly  shows  an  analogous  structure;  tbe  Iron 
particles  following  the  former  cleavage  lines  Hence  the 
nature  of  the  original  mineral  can  often  be  Inferred. 
Cf.  Fiir.  BIS,  a,  b.  e  (Pirswu). 

Comp — A  magnesium  silicate,  H,Mg,Si,0,  or 
3Mg0.2SiO,.2H,0  =  Silica  44-1,  magnesia  43-0, 

water  12*9  =  ICK).  Iron  protoxide  often  replaces  a  small  part  of  the  niw- 
neBium;  nickel  in  small  amoant  is  sometimes  present.  The  water  is  chiefly 
expelled  at  a  red  beat 

ryr.,  etc.— In  the  cloaed  tube  yields  water.    B.R  fiuwi  on  Um  edges  wltk  difflcultjr. 
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Dtf.— Cbancwrfxed  by  wftBcM.  sbwiiee  of  ckanm  aitd  feeble  wait  or  oUt  InMar; 

"cfr»Tfty;  bryfeldr "^ "" 

r  recognised  '    ■"- 


aaij^  if®«#    l^mm 

Wp   -j.^'   ««' 

a,  8rr[>etitiue  deriTed  from  cbiywiite;  h,  from  unpbltnle;  e,  from  pfroiem. 

irenco-oolon  are  Dot  Tery  low,  but  the  co 

blue"  or  ereo  be  liotr^te.      The  coiuteiit   i  _ _  _     .    „ 

nlnermb  like  chryxdlla,  pyroxene,  bomblende,  etc.  !■  iln  cbaracterlMic.    The  pi 
of  Knea  of  iroD  pftnlcle*  u  noted  kbore  (flj^.  SIS)  !■  duncierbUc. 

Ob*. — Serpentine  If  Blways  n  MOotMlsry  mineiml  iMumng.  aa  noted  above,  from  tho 
nheimllOD  of  alllcstea  conlAtnlog  magoesk,  pMttuularly  cbmouie,  empblbole  or  pyToxene. 
It  freqoeotlv  fornu  larga  rock-mwca,  then  being  detlred  from  the  altentloD  of  peHdolitc^ 
dnnltea  sod  otber  basic  rocba  of  Igneotu  oricui;  alapof  amphlbolltea.  or  pyroxene  and 
cbryaollle  rocka  of  metomorpblc  oilgla.  In  tne  flrat  caae  It  U  luiutlly  accompanied  by 
aplnel,  garnet,  cbromlte  and  aomellmea  nickel  orea;  In  the  aecond  caae  1^  Tariom 
carboniilcs  auch  as  dolomite,  mngoedte,  breunnerite,  etc 

Cryatala  of  >erpent<ne.  fweudomorphoua  afier  montlcelllte.  occur  in  tbe  Faaaatfaal, 
Tynil:  near  Miask  at  Lnke  Aiislikul.  Barwivkn.  Ekalerlnburf;.  and  etsewliore:  !□  Norway, 
nt  Siiiiriiin;  ulc.  Fine  predoiiB  nerpeuIineB  come  from  Falun  mid  Giilxjn  !ii  SweileD.  the 
lile  of  Mail,  the  tidgliburliood  ot  Portso)'  iu  Alierdceusliin.'.  the:  L[zuril  in  Coruuall,  Coi^ 
aica.  SDierin,  Saxony,  etc. 

In  N.  Aiiierlcit.  In  Maina.  at  Deer  Isle,  preciouB  serpentine.  In  Vrraiont,  at  Sew  Fnne, 
Rosbiiry,  etc.  In  Jtait.,  fine  al  New  bury  port.  In  R.  Itland,  at  Newport;  botreniu  at 
Smitiilielil,  In  Conn.,  near  New  Haven  and  Milford.  at  llie  vfrd-atituiue  ciiiarries. 
In  y.  York,  al  Piirt  [[enry,  Essex  Co. ;  at  Aniwcip.  Ji^lferson  Co.,  fn  cryptafs:  in  Gouver- 
uenr,  St.  Lawretrce  Co  ,  in  crvKtals:  <u  Cornwall.  Monroe,  iioti  Warwick.  Uranire  Co.. 
Bomelimes  In  large  cryatnla  nt  Warwick;  and  rrom  RIcbinond  to  Nuw  Brfgliloo,  KEcbmond 
Co.  In  K.  Jertty.  iil  Hulioken,  wUli  lirnctle.  magnesite,  etc. ;  iit  MoulTJIle,  Jlorrls  Co., 
clirvRotilf  and  relinnlile,  wiili  common  serpentine,  produced  by  the  nllcratioD  of  pyi-otene. 
Ill  Pi-ati..  niamlve.  tibrcinx.  ami  fullntcd.  at  Texas.  Luucaster  Co. ;  ut  West  Cheater.  Chester 
Co.,  nilliamnte;  at  Mineral  Hill,  Newlown,  Marple.  and  Middletown.  Delaware  Co.  In 
Maryland,  at  Baiu  Hills:  nt  Cooptown,  Harford  Co.,  wllh  dtaltage.  In  Oatifornia.  at 
various  pointx  iu  the  Const  liant^e. 

In  C'lHitda,  abundant  nmou^^tbe  metamorphic  rocks  ot  the  Eastern  Townships  and 
Gaspu  i)cniiiauln,  Quebec;  al  Thctford.  Coleralnc,  Broughton,  Orford.  B  Ham,  BoUon. 
8hiplou,  Melbourne,  etc.  The  librons  variety  chrysutile  (asbestus.  bnatoiiite)  often  forms 
SL'ama  neveral  inches  in  thickneiis  in  the  massive  mineral,  and  Is  now  extensively  mined  for 
technical  purposes.  Hasaive  LHiirentiau  serpentine  also  occurs  in  Grenville.  Argeniciiil  Co., 
Quebec,  nud  Norih  Burgess,  Lanark  Co..  Ontario.  In  N.  Bruntwiek,  at  Crow's  Nest  In 
Portlnnd. 

The  names  BerptnUiu.  Ophite,  Lapit  eolubriatu,  allude  to  the  green  aerpent-llkB 
c1ou<lings  of  the  scrpentltie  marble.  RelinaliU  Is  from  'pertrr/,  rrtin;  Pierolite,  from 
ntuoiii.  bUUr,  In  alhitlon  to  the  magnesia  (or  Bitlererdel  present;  Thnrmophyltite,  from 
iipMtf.  heal,  and  ipiJXXoi-,  leaf,  nn  account  of  the  exfollalion  when  health;  ChrytotO*. 
from  {(jvo'iri,  golden,  and  rAo!,  fibrous;  itebtxile,  from  ft^za^a,  tiik;  Marnwiilt,  frona 
iiapiiaipua,  to  thine,  in  alluaioo  to  Ita  peculiar  luster. 
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Deweylite.  A  maenesiaD  silicate  near  serpentine  but  with  more  water.  Formula 
perhaps  4MgO.8SiOt.0H9O.  Amorphous,  resembling  gum  arable,  or  a  resin.  U.  =  2- 
8*5.  G.  =  2'0-2'2  Color  whitish,  yellowish,  reddish,  brownish.  Occurs  with  serpeutiue 
in  the  Fleimsthal.  Tyrol;  also  at  Texas,  Peuu.,  and  the  Bare  Hills,  Md.  OymniU  of 
Thomson,  named  from  yvuvoi,  naked,  in  allusion  to  the  locality  at  Bare  Hills,  Md.,  is  the 
same  species. 

Oenthite.  Nickel  Gymnite.  A  gymnite  with  part  of  the  magnesium  replaced  by 
nickel.  2NiO.2MgO.8SiOa.6HaO.  Amorphous,  with  a  delicate  stalactitic  surface,  incrust- 
ing.  H.  =  8-4;  sometimes  very  soft.  G.  =  2 '409.  Luster  resinous.  Color  ptile  apple- 
green,  or  yellowish.     From  Texas,  Lancaster  Co.,  Pa.,  in  thin  crusts  on  chromite. 

Gamierite.  Noumeite.  An  important  ore  of  nickel,  consisting  essentially  of  a  hydrated 
silicate  of  magnesium  and  nickel,  perhaps  Ha(Ni,Mg)Si04  +  &(!»  but  very  variable  in  com- 
position,  particularly  as  regards  the  nickel  and  magnesium;  not  always  homogeneous. 
Amorphous.  Soft  and  friable.  G.  =  2*8-2'8.  Luster  dull.  Color  bright  apple-green, 
pale  green  to  nearly  white.  In  part  unctuous;  sometimes  adheres  to  the  tongue.  Occurs 
in  serpentine  rock  near  Noumea,  capital  of  New  Caledonia,  associated  with  chromic  iron 
and  steatite,  where  it  is  extensively  mined.  A  similar  ore  occurs  at  Riddle  in  Douglas 
County,  southern  Oregon;  also  at  Webster,  Jackson  Co.,  N.  C. 


TALC. 

Orthorhombic  or  monoclinic.  Rarely  in  tabular  crystals,  hexagonal  or 
rhombic  with  prismatic  angle  of  60°.  Usually  foliated  massive;  sometimes  in 
globular  and  stellated  groups;  also  granular  massive,  coarse  or  fine;  fibrous 
(pseudomorphous) ;  also  compact  or  cryptocrystalline. 

Cleavage:  basal,  perfect.  Sectile.  Flexible  in  thin  laminae,  but  not  elastic. 
Percussion -figure  a  six-rayed  star,  oriented  as  with  the  micas.  Feel  greasy. 
H.  =  1-1*5.  G.  =  2*7-2-8.  Luster  pearly  on  cleavage  surface.  Color  apple- 
green  to  white,  or  silvery-white;  also  greenish  gray  and  dark  green;  sometimes 
bright  green  perpendicular  to  cleavage  surface,  and  brown  and  less  translucent 
at  right  angles  to  this  direction;  brownish  to  blackish  green  and  reddish  when 
impure.  Streak  usually  white;  of  dark  green  varieties  lighter  than  the  color. 
Subtransparent  to  translucent.  Optically  negative.  Ax.  pi.  |  a.  Bx  J.  c. 
Axial  angle  small,     y  —  a  =  0*035-0-050. 

Var. — Foliated,  Talc.  Consists  of  folia,  usually  easily  separated,  having  a  greasy  feel, 
and  presenting  ordinarily  light  green,  greenish  white,  and  white  colors.     G.  =  2*l55-2*78. 

Massive,  Steatite  or  aoapstone  (Speckstein  Oerm.).  a.  Coarse  granular,  grayish  green, 
and  brownish  gray  in  color;  H.  =  1-2-5.  Pot-stone  is  ordinary  soapstone.  more  or  less 
impure,  b.  Fine  granular  or  cryptocrystalline,  and  soft  enough  to  be  used  as  chalk;  as  the 
French  chalk,  which  is  milk-white  with  a  pearly  luster,  e.  Indurated  talc.  An  impure 
slaty  talc,  harder  than  ordinary  talc 

Paeudonuyi'phoun.  a.  Fibrous,  fine  to  coarse,  altered  from  enstatite  and  Iremolite. 
b.  Hennselaerite,  having  the  form  of  pyroxene  from  northern  New  York  and  Canada. 

Oomp. — An  acid  metasilicate  of  magnesium,H,Mg,(SiO,)^or  H,0.3Mg0.4SiO, 
=  Silica  G3-5,  magnesia  31*7,  water  4*8  =  100.  The  water  goes  oflf  only  at  a 
red  heat.     Nickel  is  sometimes  present  in  small  amount. 

Pyr.,  etc. — In  the  closed  tube  B.B.,  when  intensely  ignited,  most  varieties  yield  water. 
In  the  ])latinum  forceps  whitens,  exfoliates,  and  fuses  with  difficulty  on  the  thin  edges  to  a 
white  enamel.  Moistened  with  cobalt  solution,  assumes  on  ignition  a  pale  red  color.  Not 
decomposed  by  acids.     Rensselaerite  is  decomposed  by  concentrated  sulphuric  acid. 

Diff.— Characterized  by  extreme  softness,  soapy  feel;  common  foliated  structure;  pearly 
luster;  it  is  flexible  but  inelastic.    Yields  water  only  on  intense  ignition. 

Obs. — Talc  or  steatite  is  a  very  common  mineral,  and  in  the  latter  form  constitutes 
extensive  l)eds  in  some  regions.  It  is  often  associated  with  serpentine,  talrose  or  chloritic 
schist,  and  dolomite,  and  frequently  contains  crystals  of  dolomite,  breunnerite,  also 
asbestus.  actinolite,  tourmaline,  magnetite. 

Steatite  is  the  material  of  many  pseudomorphs,  among  which  the  most  common  are 
those  after  pyroxene,  hornblende,  mica,  scapolite,  and  spinel.    The magnesian  minerals  are 
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those  which  commouly  afford  steatite  by  alteration;  while  those  like  scapoliteand  nephelite, 
which  contaiu  soda  aud  no  magnesia,  most  frequently  yield  pinite-like  pseudomorphs. 
There  ure  also  steatitic  pseudomorphs  after  quartz,  dolomite,  topaz,  chiastolite.  staurolite, 
cyauite,  garnet,  vesuviauite.  chrysolite,  gehlenite.  Talc  in  the  tibrous  form  is  pseudomorph 
after  enstatite  aud  tremolite. 

Apple-greeu  talc  occurs  at  Mt.  Greiner  in  the  Zillerthal,  Tyrol;  in  the  Valais  and  St. 
Gothurd  in  Switzerland;  in  Cornwall,  near  Lizard  Point,  with  serpentine;  the  Shetland 
islands. 

In  N.  America,  foliated  talc  occurs  in  Maine,  at  Dexter.  In  Vermont,  at  Biidgewater^ 
handsome  green  talc,  with  dolomite;  Newfane.  lu  Mcua.,  at  Middlefield.  Windsor,  Blan- 
ford,  Auduver,  aud  Chester.  In  R.  Island,  at  Smithfield,  delicate  green  and  white  in  a 
crystalline  limestone.  In  N,  York,  at  Edwards,  St.  Lawrence  Co.,  a  Hue  fibrous  talc 
(agalite)  associated  with  pink  tremolite;  on  Staten  Island.  lu  N,  Jersey,  Sparta.  In  Penn., 
at  Texas,  Nottingham,  Unionville;  in  South  Mountain,  ten  miles  south  of  Carlisle;  at 
Chestnut  Hill,  on  the  Schuylkill,  talc  and  also  soapstone,  the  latter  quarried  extensively. 
In  Maryland,  at  Cooptown,  of  green,  blue,  and  rose  colors.  In  N,  Car.,  at  Webster,  Jack- 
son Co.  In  Canada,  in  the  toivusbips  Bolton,  Sutton,  and  Potton,  Quebec,  with  steatite  io 
beds  of  Cambrian  age;  in  the  township  of  Elzevir,  Hastings  Co.,  Outario,  an  impure 
grayish  var.  in  Archaean  rocks. 

SEPIOIjITXS.     Meerschaum  Oerm,    L'&!ume  de  mer  Fr. 

Compact,  with  a  smooth  feel,  and  fine  earthy  texture,  or  clay-like;  also 
rarely  fibrous.  H.  =  2-2*5.  G.  =  2.  Impressible  by  the  nail.  In  dry  masses 
floats  on  water.  Color  grayish  white,  white,  or  with  a  faint  yellowish  or 
reddish  tinge,  bluish  green.     Opaque. 

Comp.— H^Mg,Si,0,„  or  2n,0.2Mg0.3SiO,  =  Silica  60-8,  magnesia  27-1, 
water  12-1  =  100.  Some  analyses  show  more  water  (2H,0),  which  is  probably 
to  be  regarded  as  hygroscopic.  Copper  and  nickel  may  replace  part  of  the 
magnesium. 

Pyr,.  etc, — In  the  closed  tube  yields  first  hygroscopic  moisture,  and  at  a  higher 
temperature  gives  much  water  and  a  burnt  smell.  B.B.  some  varieties  blacken,  then  bum 
while,  and  fu.sc  with  difficulty  on  the  thin  edges.  Wiib  cobalt  soluliou  a  piuk  color  ou 
iguitiou.     Decomposed  by  hydrochloric  ncid  with  gelatinization. 

Obs.— Occurs  in  Asia  Minor,  in  masses  in  i^tratified  earthy  or  alluvial  deposits  at  the 
plains  of  Eskihi  sher;  at  Hnibschilz  in  3Ioravia:  in  Morocco,  called  in  French  Pierre  de 
&IV071  de  Maroc;  at  Vallecas  in  Spain,  in  extensive  beds. 

A  fibrous  mineral.  Laving  the  composition  of  sepiolite,  occurs  in  Utah. 

Tlie  word  meerschaum  is  German  for  sea-froth,  and  alludes  to  ils  lightness  aud  color. 
Sepiolite  Glocker  is  from  a/;7Tia,  cnttle-fsh,  the  bone  of  which  is  light  and  porous;  aud 
being  also  a  production  of  the  sea,  "  deinde  spumam  maritiavi  significabat,"  ga\s  Glocker. 

Connarite.  A  hydrous  nickel  silicate,  perhaps  H^NiaSiaOio.  In  small  fragile  grains. 
G.  =  2-4.59-2-619.     Color  yellowish,  green.     From  Rotiis,  in  Saxon  Voigtland. 

Spadaite.  Perhaps  r)MgO  6SiOa.4Ha().  Mtissive,  amorphous.  Color  reddish.  From 
Capo  di  Bove,  near  Home. 


SAPONITE.     Piotine. 

^lassive.  In  nodules,  or  filling  cavities.  Soft,  like  butter  or  cheese,  but 
brittle  on  dryinc:.  G.  =  2-24-2*30.  Luster  greasy.  Color  white,  yellowish, 
grayisli  green,  bluish,  reddish.     Does  not  adhere  to  the  tongue. 

Comp. — A  hydrous  silicate  of  magnesium  and  aluminium;  but  the  material 
is  amorphous  and  probablv  always  impure,  and  hence  analyses  give  no  uniform 
results.  Contains  SiO,  40-45  p.'c,  A1,0,  5-10  p.  c,  MgO  19-26  p.  c,  H,0  19- 
21  p.  c;  also  Fe,0,,  FeO,  etc. 

Pyr.,  etc.— B.B.  gives  out  water  very  readily  and  blackens;  thin  splinters  fuse  with 
difficulty  on  the  edge.     Decomposed  by  sulphuric  acid. 

Obs. — Occurs  in  cavities  in  basalt,  diabase,  etc. :  also  with  serpentine.  Thus  at  Lizard 
Point,  Cornwall,  iu  veins  in  serpentine;  at  various  localities  in  Scotland,  etc. 
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Saponite  is  from  sapo,  toap;  and  piotiue  from  niozTf^,  fat. 

Oeladonite.  A  silicate  of  iron,  magnesium  and  potassium.  Eartby  or  in  minute 
scales.  Very  soft.  Color  green.  From  cavities  in  amygdaloid  at  Mte.  Btildo  near 
Verona. 

Qlauconite.  Essentially  a  hydrous  silicate  of  iron  and  potassium.  Amorphous,  aud 
resembliug  earthy  chlorite;  either  in  cavities  in  rocks,  or  loosely  granular  ma.ssive.  Color 
dull  green.  Abundant  in  the  "green  sand,"  of  the  Chalk  formation,  sometimes  constitut- 
ing 75  to  90  p.  c.  of  the  whole. 

Pholidolite.  Corresponds  approximately  to  5H,O.Ka0.12(Fe.Mff)O.Al,0,  13SiO,. 
In  minute  crystalline  scales.  G.  =  2*408.  Color  grayish  yellow.  FromTaberg  in  Werm- 
laud,  Sweden,  with  garnet,  diopside,  etc. 


IV.    Kaolin  Division. 

KAOLINITX:.     Kaolin. 

Monoclinic;  in  thin  rhombic,  rhomboidal  or  hexagonal  scales  or  plates 
with  angles  of  60°  and  1/J0°.  Usually  constituting  a  clay-like  mass,  either 
compact,  friable  or  mealy. 

Cleavage:  basal,  perfect.     Flexible,  inelastic.    H.  =  2-2-5.   G.  =  2*6-2  es. 
Luster  of  plates,  pearly;  of  mass,  pearly  to  dull  earthy.     Color  white,  grayish 
white,  yellowish,  sometimes  brownish,  bluish   or  reddish.     Scales  transparent, 
to  translucent;  usually  unctuous  and  plastic. 

Optically  biaxial,  negative.  BxoJ.^.  Bx^  and  ax.  pi.  inclined  behind; 
some  20°  to  normal  to  c  (001)  Dick.     Axial  angle  large,  approx.  90°. 

Var.— 1.  Kaolinite.  In  crystalline  scales,  pure  white  and  with  a  satin  luster  in  the  mass. 
2.  Ordinary.  Common  kaolin,  in  part  in  crystalline  scales  but  more  or  less  impure 
including  the  compact  lithamarge. 

Comp.--H,Al,Si,0„  or  2H,0.A1,0  .2SiO,  =  Silica  465, alumina  395,  water 
14'0  =  100.     The  water  goes  off  at  a  high  temperature,  above  330°. 

Pyr.,  etc.— Yields  water.  B.B.  infusible.  Gives  a  blue  color  with  cobalt  solution. 
Insoluble  in  acids. 

Diff.— Characterized  bv  unctuous,  soapy  feel  and  the  alumina  reaction  B.B.  Resembles 
infusorial  earth,  but  readily  distinguished  under  the  microscope. 

Obs.— Ordinary  kaolin  is  a  result  of  the  decomposition  of  aluminous  minerals,  especially 
the  feldspar  of  granitic  and  gneissoid  rocks  and  porphyries.  In  some  regions  where  these 
rocks  have  decomposed  on  a  large  scale,  the  resulting  clay  remains  in  vast  beds  of  kaolin, 
usually  more  or  less  mixed  with  free  quartz,  and  sometimes  with  oxide  of  iron  from  some 
of  the  other  minerals  present.  Pure  kaolinite  in  scales  often  occurs  in  connection  with 
iron  ores  of  the  Coal  formation.  It  sometimes  forms  extensive  beds  in  the  Tertiary  forma- 
tion, as  near  Richmond,  Ya.  Also  met  with  accompanying  diaspore  and  emery  or 
corundum. 

Occurs  in  the  coal  formation  in  Belgium;  Schlan  in  Bohemia;  in  argillaceous  schist  at 
Lod^ve,  Dept.  of  Herault,  France;  as  kaolin  at  Diendorf  (Bodenmais)  in  Bavaria;  at 
Schemnitz;  with  fluor  at  Zinnwald.  Yrieix,  near  Limoges,  is  the  best  locality  of  kaolin 
in  Europe  (a  discovery  of  1786);  it  affords  material  for  the  famous  Sevres  porcelain 
manufactory.  Large  quantities  of  clay  (kaolin)  are  found  in  Cornwall  and  West  Devon, 
England. 

in  the  U.  States,  kaolin  occurs  at  Newcastle  and  Wilmington.  Del.;  at  various 
localities  in  the  limonite  region  of  Vermont  (at  Brandon,  etc.),  Massachusetts,  Pennsyl- 
vania: Jacksonville,  Ala.;  Eagefield,  S.  C;  near  Auirusta,  Ga. 

The  name  Kaolin  is  a  corruption  of  the  Chinese  Kauling,  meaning  high-ridge,  the  name 
of  a  hill  near  Jauchau  Fu,  where  the  material  is  obtained. 

Pholerite  Near  kaolinite,  but  some  analyses  give  15  p.  c.  water.  The  original  was 
from  the  coal  mines  of  Fins,  Dept.  of  AUier,  France. 

HALLOTSTTB. 

Massive.     Clav-like  or  eartbv. 

Fracture  concnoidal.    Hardly  plastic.     H.=  1-2.     G.  =  2*0-2*20.    Luster 
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wmewfaat  pearlj,  or  waxy,  to  dell.  Color  vhite,  graTiab,  greeDish,  yellowish, 
binish,  reddish.  Translncent  to  opaque,  sometimea  Doooming  translacent  or 
«Ten  transparent  in  vater,  with  an  increase  of  one-fifth  in  weight. 

Tar. — Ordinary.  Ekrtby  or  waxy  In  Inster.  aod  op&que  mBMiva.  OaiapeetUt  la  li&UoT*- 
Ite  of  ADRlnr.  FiendotteaUU  of  ThonuoD  &  Blnney  U  an  impure  vkrleij,  dark  green  En 
coloi.  with  H.  =  2-2S,  6.  =  3-460.  ladianaile  la  a  white  porceUla  clay  from  Lawrence 
Co.,  Indiana,  where  It  occura  with  allophane  in  beds  four  to  ten  feet  thick. 

SmeeHle  Is  greeniali,  aod  In  certain  atates  of  humidftf  appean  transparent  and  almoet 
gelatioout;  it  ii  from  CondS,  near  Houdon,  France. 

BoU,  in  part,  may  belong  herei  that  la.  tboae  colored,  unctuoua  claya  containing  more 
or  less  iron  oxide,  wbicb  alau  have  about  U  p.  c  of  water;  the  iron  gives  tfaem  a  browuiah, 
yellowisb  or  reddish  color;  but  Ihey  may  be  mixtures.  Here  belongs  Serg^ttfk  (mountain, 
eoap). 

Cosp. — A  Bilioate  of  slaniiDinni  (Al,0,.3SiO,)  like  kaolinite,  bat  amor- 
ShouB  and  containing  more  water;  the  amonnt  is  somewhat  uncertain,  bnt  the 
tormtila  is  probably  to  be  taken  as  H,Al,Si,0,-f  aq,  or  SH,O.Al,0,.2SiO,+  aq 
=  Silica  43-5,  alumina  36-9,  water  19*6  =  100. 

Prr.,  etc.— Yields  water.  B.B.  iufudble.  A  fine  blue  with  cobalt  solution.  Decom- 
posed by  iicidi. 

Ob*. — Occurs  ofteo  iu  veins  or  beds  c^f  ore.  ns  a  scconilmy  producl;  also  ia  granite  aui 
other  roclu,  being  deiivt-d  from  tlie  dccoiupueiliou  of  some  aliiniiiioiis  mfneruU, 

Newtonlte.  HaAli^^iiOn -|- nti.  In  sod  white  compact  mosses  reaembling  kaolin. 
Found  on  Sneed's  Creuk  iu  the  nortliem  part  of  Newton  Co.,  Arkausiis. 


A  hydrous  slUeate  of  nhiminium.  3Al,0,,9Si0,.6H,O.  Amorpboua,  cUy- 
Hke,  or  chalky.  Terj'  soft.  G,  =  3'18-3a-0.  Color  while,  grayiali  while,  reddish.  From 
Ihe  Island  of  Argentleni  (Klmoloa  of  tlie  Qreeks). 

Hontmorlllonlta.  Probably  HiAliSliOn  -j~  n  aq.  Mnuive,  clay-like.  Very  soft  and 
tender.  Luster  feeble.  Color  whltoor  gfayL"ih  lo  rose-red,  and  blulali;  also  plElBcblo-green. 
tloctuoiis.  MbntmorillonitB,  from  HoDtmoiillnn,  Prauce,  la  rose-red.  CoitjbUniile  Is  paler 
Toae-red;  fr.  Confolens.  Dept.  of  Charento.  ai  St.  Jean.de-C61e,  near  ThWiers. 

Stolpeiiile  is  A  clay  from  llie  Imsall  of  Sl(il[icii.  Siipomtf  of  Nicklfe  ia  a  while,  plastic, 
soap-like  clay  fioiu  the  granite  from  which  issues  one  of  the  hot  springs  of  Plombidrea, 
France,  called  Soap  Spring;  it  was  named  tmtgmatiU  by  N&umaun. 

PTROPHTLLITB. 

Kfoiioclinic?  Foliated,  radiated  lamellar  or  Gomewhat  fibroiiB;  also  grana* 
lar  to  compact  or  cryptocrystalline;  the  latter  sometimea  slaty, 

Cleiivage:  baaal,  eminent.  Laminse  fleiible,  not  elastic.  Feel  greasy, 
H  =  1-2.  Q.  =  2-8-2-9.  Luster  of  folia  pearly;  of  massive  kinds  dull  and 
glistening.  Color  white,  apple-greeti,  grayish  and  brownish  green,  yellowish 
to  ocher-yellow,  grayish  white.  Sub  transparent  to  opaque.  'Optically  — , 
Bx  J_  cleavage.     Ax.  angle  large,  to  108°. 

Var.^(l)  Foliated,  aud  often  mdialed,  closely  resembling  talc  in  color,  feel,  luster  and 
eti'ucture,  |2)  Compact  maiiite.  white,  grayiali  and  Kreeclsh,  somewhat  resembling  com. 
part  sleatite,  or  French  chalk.  Tbis  compact  variety  includes  part  of  what  has  gone  under 
the  name  of  agalmatolite.  from  Cliiua;  it  is  used  for  slate-pencils,  und  Is  somellnies  called 
peneii-itime. 

Comp.— H,Al,{SiO,),  or  H,O.Al,0,.4SiO,  =  Silica  G6-7,  alumina  28-3,  water 
50  =  100. 

Pyr.,  etc.— Yields  water,  but  only  nt  a  high  temperature.  B.B.  whitens,  and  fuses 
with  difficulty  on  the  edges.  The  ladlated  varieties  exfoliate  In  fan-like,  forms,  swelling 
lip  to  many  times  the  oilginal  volume  of  tbe  assay.  Heated  and  moistened  with  cobaU 
aoliiilon  gives  a  deep  blue  color  (alumina).  Partially  decomposed  by  sulphuric  acid,  and 
completely  on  fusion  with  allcaliue  carbonates. 
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Diff. — Resembles  some  talc,  but  distinguished  by  the  reaction  for  alumina  with  cobalt 
solution. 

Obs. — Compuct  pyrophyllite  is  the  material  or  base  of  some  schistose  rocks.  The  foli- 
ated variety  is  often  the  ^angue  of  cyanite.  Occurs  in  the  Ural;  at  Westan&,  Sweden; 
near  Ottrez,  Luxembourg;  Ouro  Preto,  Brazil. 

Also  in  white  stellate  aggregations  in  Cottonstone  Mtn.,  Mecklenburg  Co.,  N.  C  ;  in 
Chesterfield  Dist.,  S.  C.  with  lazulite  and  cyanite;  in  Lincoln  Co.,  Ga.,  on  Graves  Mtn. 
The  compact  kind,  at  Deep  River,  N.  C,  is  extensively  used  for  making  slate-pencils  and 
resembles  the  so-called  agalmatolite  or  pagodite  of  China,  often  used  for  ornamental 
carvings. 

ALLOPHANE. 

Amorphous.  In  incrustations^  usually  thin^  with  a  mammillary  surface, 
and  hyalite-like;  sometimes  stalactitic.     Occasionally  almost  pulverulent. 

Fracture  imperfectly  conchoidal  and  shining,  to  earthy.  Very  brittle. 
H.  =  3.  G,  =  1*85-1'89.  Luster  vitreous  to  subresinous;  bright  and  waxy 
internally.  Color  pale  sky-blue,  sometimes  greenish  to  deep  green,  brown, 
yellow  or  colorless.     Streak  uncolored.     Translucent. 

Comp. — Hydrous  aluminium  silicate,  Al,SiO,-f  5H,0  =  Silica  23*8,  alumina 
40*5,  water  35'7  =  100.  Some  analyses  give  6  equivalents  of  water  =  Silica 
22-2,  alumina  37*8,  water  400  =  100. 

Impurities  are  often  present.  The  coloring  matter  of  the  blue  variety  is  due  to  traces 
of  chrysocolla.  and  substances  intermediate  between  allophane  and  chrysocolla  (mixtures) 
are  not  uncommon.  The  green  variety  is  colored  by  malachite,  and  the  yellowish  ana 
brown  by  iron. 

Pyr.,  etc.— Yields  much  water  in  the  closed  tube.  B.B.  crumbles,  but  is  infusible. 
i^ives  a  blue  color  with  cobalt  solution.     Gelatinizes  with  hydr  ochloric  acid. 

Obs. — Allophane  is  regarded  as  a  result  of  the  decomposition  of  some  aluminous  silicate 
(feldspar,  etc.);  and  it  often  occurs  incrusting  fissures  or  cavities  in  mines,  especially 
those  of  copper  and  limonite,  and  even  in  beds  or  coal. 

Named  from  aXXoi,  oilier,  and  <paiye<rBat,  to  appear,  in  allusion  to  its  change  of 
appearance  under  the  blowpipe. 

OoUyrite.  2Al90s.SiO«.9HaO.  A  clay-like  mineral,  white,  with  a  glimmering  luster, 
greasy  feel,  and  adhering  to  the  tongue      G.  =  3-3*15.     From  Ezquerra  in  the  Pyrenees. 

8chr6tterite.  SAUOi.SSiO^.dOHsO.  Resembles  allophane;  sometimes  like  gum  in 
appearance.  H.  =  3-3*6.  G.  =  l*95-205.  Color  pale  green  or  yellowish.  From  Dollin- 
ger  mountain,  near  Freienstein,  in  Styria;  at  the  Falls  of  Little  Kiver,  on  the  Sand  Mtn., 
Cherokee  Co.,  Alabama. 

•  The  following  are  clay-like  minerals  or  mineral  substances:  Sinopite,  smectite,  catlinite. 

Oenosite.     H4Ca,(Y,Er),CSi40|».     Color  yellowish  brown.     From  HitterO,  Norway. 

Thaumasite.  CaSiOi.CaCO,.Ca804.15H,0.  Massive,  compact,  crystalline.  Cleavage 
in  traces.  H.  =  8  5.  G.  =  1*877.  Color  white.  Occurs  filling  cavities  and  crevices  at 
the  Bjelke  mine,  near  Areskuta,  Jemtland,  Sweden;  at  first  soft,  but  hardens  on  exposure 
to  the  air.     Also  in  fibrous  crystalline  masses  at  Paterson,  N.  J. 

Uranophane  Uranotil.  CaO  2U03.2SiO«  4- 6H,0.  In  radiated  aggregations;  mas- 
sive, fibrous.  G.  =  3*81-8*90.  Color  yellow.  From  the  granite  of  Eupferberg,  Silesia. 
Uranotil  occurs  at  WOlsendorf,  Bavaria;  Mitchell  Co.,  N.  C. 


OHRTSOOOLLA. 

Cryptocrystalline;  often  opal-like  or  enamel-like  in  texture;  earthy.  In- 
crusting  or  filling  seams.     Sometimes  botryoidal. 

Fracture  conchoidal.  Rather  sectile;  translucent  varieties  brittle.  H.  = 
2-4.  G.  =  2-2  238.  Luster  vitreous,  shining,  earthy.  Color  mountain- 
green,  bluish  green,  passing  into  sky-blue  and  turquois-blue ;  brown  to  black 
when  impure.     Streak,  when  pure,  white.    Translucent  to  opaque. 

Comp. — True  chrysocolla  appears  to  correspond  to  CuSiO,-f  2H,0  =  Silica 


484  DBSCRIPnYE  MINERALOGT. 

34*3,  copper  oxide  45*2,  water  20*5  =  100,  the  water  being  doable  that  of 
dioptase. 

Composition  yaries  much  through  impuities;  free  allica,  also  alumina,  black  oxide  of 
copper,  oxide  of  iron  (or  limonlte)  and  oxide  of  maneanese  may  be  present;  the  color  con- 
sequently varies  from  bluish  green  to  brown  and  black. 

P3nr.,  etc.— In  the  closed  tube  blackens  and  vields  water.  B.B.  decrepitates,  colors  the 
flame  emerald-green,  but  is  infusible.  With  the  fluxes  cives  the  reactions  for  copper. 
With  soda  and  charcoal  a  globule  of  metallic  copper.  Decomposed  by  acids  without 
gelatin  ization. 

Obs  — Accompanies  other  copper  ores,  occurring  especially  in  the  upper  part  of  Teins. 
Found  iu  copper  mines  in  Cornwall;  Hungary;  Siberia;  Saxony;  South  Australia;  Chilis 
etc. 

In  the  U.  S.,  similarly  at  the  Schuyler's  mines,  New  Jersey;  at  Morgantown, Pa.;  at  the 
Clifton  mines,  Graham  Co.,  Arizona;  Emma  mine,  Utah. 

OhryioeoUa  is  from  xpvao^^  gold,  and  KoXXa^glue,  and  was  the  name  of  a  material  used 
In  soldering  gold.    The  name  Is  often  applied  now  to  borax,  which  is  so  employed. 

OHLOROTAL. 

Compact  massiye,  with  an  opal-like  appearance;  earthy. 

H.  =  2'5-4'5.  G.  =  1'727-1*870,  earthy  varieties,  the  second  a  conchoidal 
specimen;  S'lOS,  Ceylon,  Thomson.  Color  greenish  yellow  and  pistachio- 
green.  Opaoue  to  sabtranslacent.  Fragile.  Fracture  conchoidal  and  splintery 
to  earthy.    Feebly  adhering  to  the  tongue,  and  meager  to  the  touch. 

Var,^Chhropal  has  the  above-mentioned  characters,  and  was  named  from  the  Hunga-> 
rian  mineral  occurring  at  Unghwar. 

NontroniU  is  pale  straw-yellow  or  canaiy-yellow,  and  greenish,  with  an  unctuous  feel; 
flattens  and  mws  lumpy  under  the  pestle,  and  is  polished  by  friction;  from  Nontroo» 
Dept.  of  Dordogne.  France.  Pinguiie  is  siskin-  and  oil-green,  extremely  soft,  like  new* 
maae  soap,  with  a  slightly  resinous  luster,  not  adhering  to  the  tongue:  from  Wolkensteln 
in  Saxony.  Oramintte  has  a  grass-jmen  color  (whence  the  name),  and  occurs  at  Kensen- 
berg,  in  the  Siebengebirge,  in  thin  fibrous  seams,  or  as  delicate  lamellae. 

Gomp. — A  hydrated  silicate  of  ferric  iron,  perhaps  with  the  general  formula 
H,Fe,(SiOJ.  +  2II.0  or  Fe,0,.3SiO,.5H,0  =  Silica  41-9,  iron  sesquioxide  37-2., 
water  20*9  =  100.     Alumina  is  present  in  some  varieties. 

The  water  and  silica  both  vary  much.  The  Hungarian  chloropal  occurs  mixed  with 
opal,  and  c^raduates  into  it,  and  this  accounts  for  the  hij^h  silica  of  some  of  its  analyses. 

Obs. — Localities  mentioned  above.  Chloropal  occurs  also  at  Meenscr  Steinberg  near 
GOttingen;  pinguite  at  Sternberg,  Moravia.  On  Lehigh  Mt.,  Pa.,  south  of  Allentown, 
occurs  in  connection  with  iron  deposits. 

H(KFERiTE.     An  iron  silicate  near  chloropal.     Color  green.     From  Kfitz,  Bohemia. 

Hisingerite.  A  hydrated  ferric  silicate,  of  uncertain  composition.  Amorphous,  com- 
pact. Fracture  conchoidal.  H.  =  8.  G.  =  2-5-3'0.  Luster  greasy.  Color  black  to  brown- 
ish black.  Streak  yellowish  brown.  From  Riddarhyttan,  Tunaberg,  Sweden;  L&ngban» 
etc.,  Norway. 


The  following  are  hydrous  manganese  silicates. 

Bementite.  Approximately  2MnSiOs.H90.  In  soft  radiated  masses  resembling  pyro- 
phyllite.  G.  =  2*981.  Color  pale  grayish  yellow.  From  the  zinc  mines  of  Franklin  Fur- 
nace, N.  J. 

OaryopiUte.  Approximately  4Mn0.3SiOa.3H,0.  In  stalactitic  and  ren if orm  shapes. 
G.  =  2*83-2 '91.     Color  brown.     From  the  Harstig  mine  near  Pajsberg,  Sweden. 

Neotocite.  A  hydrated  silicate  of  manganese  and  iron,  of  doubtful  composition,  usu- 
ally derived  from  the  alteration  of  rhodonite.  Amorphous  Color  black  to  dark  brown 
and  liver>brown. 


i  =  0  7547  :  1  :  0  8543  ;  A  = 
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TITAHO-SIMCATES,  TITANATBS. 

This  section  includefl  the  commoii  calcium  titano-ailicate,  Titanite;  also  a 
number  of  silicates  which  coutaiu  titanium,  but  whoae  relations  are  not  alto- 
getlier  clear:  further  the  ttttiuate,  Pevovskite,  and  niobo-titanate,  Dysanalyte, 
which  is  intermediate  between  Perovekite  and  the  species  Pyrocblore,  Micro- 
lite,  Koppite  of  the  following  chapter. 

la  general  Ibe  purl  pluyed  by  til'aaium   In  the  maiiy  slllcatca  la  wblch  it  enters  Is  more 
or  less  uiicertuiii.    It  is  prubabljr  ia  most  cases,  ns  sbuwn  to  the  preceding  pages,  to  be  taken 
j  as  repiaciug  the  aillcou)  Id  olbera,  however,  it  seems  to  play  tLepart  of  a  basic  elemeut;  iu 
achurlomiiu  (p.  419)  it  may  enter  in  botli  relations. 

TITAN  ITB.  Spbeoe. 
MoDocliuic.  Axes  d  lo  : 
ram'",  110  A  110=  86°  3B'. 
ex,  001  A  102  =  21"  O*. 
w",  031  A  oiii  =  iia-  8". 
«n'.      Ill  A  lll=   48' 49*. 

w.     ii2  A  ii3=  te-  71'. 

en.  001  A  111=  88°  ir. 
«m.  001  A  110=  WW. 
et.        001  A  113=   40°  84'. 

Twins:  tw.pl.  a  rath- 
«r  common,  both  contact- 
twine  and  cruciform  pen- 
«t  ration-twins.  Crystals 
very  varied  in  habit  ; 
often  wedge-shaped  and 
flattened  ||  c;  also  pris- 
matic. Sometimes  mas- 
sive, compact;  rarely 
lamellar. 

Cleavage:  ni  rather  distinct ;  a,  t  (ll2)  imperfect;  in  greenovite,  «  (111) 
«asy,   t  (111)   less  eo  (Dz.).     Parting  often   easy  U  tf  (231)  due  to  twinning 

920.  931.  922.  923. 


lamellsB.  H.  =  5-5-5.  G.  =  3*4-3-56;  3-541  Chester,  Pirsson.  Luster  ada- 
mantine to  resinous.  Color  brown,  gray,  yellow,  green,  rose-red  and  black. 
Streak  white,  slightly  roddish  in  greenovite.    Transparent  to  opaque. 
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Pleochroism  in  general  rather  feeble,  bat  distinct  in  deep-colored  kinds : 
c,  red  with  tinge  of  yellow;  b^  yellow,  often  greenish;  a,  nearly  colorless.  Opti- 
cally +.  Ax.  pi.  I  0.  Bx  nearly  JL  x  (102),  i.e.,  Bx  A  ^  =  +  51**.  Dispersion 
p  >  V  very  large,  and  hence  the  peculiarity  of  the  axial  interference-figure  in 
white  light.  Axial  angles  variable.  gE,  =  50°  to  90**.  /?,  =  1-894.  Bire- 
friugence  high,  y—  a  =  0'121. 

Y9X,— Ordinary,  (a)  TitaniU;  brown  to  black,  the  origiDal  being  thus  colored,  also 
opaque  or  subtrauslucent.  (b)  Spihene  (named  from  a^ifr,  a  wedge);  of  li^ht  shades,  as 
yellow,  greenish,  etc.,  and  often  translucent;  the  original  was  yellow.  Ligunie  is  an  apple- 
green  Bphene.  Spinthere  lor  Semeline)  a  greenish  Idud.  Ledsrite  is  brown,  opaque,  or  sub- 
translucent,  of  the  form  in  Fig.  916. 

Titanatnarphiie  is  a  white  mostly  granular  alteration-product  of  rutile  and  ilmenite,  not 
uncommon  in  certain  crystalline  roclu;  here  also  belonn  most  leucoxene  (see  p.  887). 

Manganuian;  OreenavUe,  Red  or  rose-colored,  owing  to  the  presence  of  a  little  man* 
ganese;  from  St.  Marcel. 

Containing  yttrium  or  cerium.    Here  belong  grothite,  alshedlte,  eucolite-titantte. 

CJomp.— CaTiSiO,  or  CaO.TiO,.SiO,  =  Silica  306,  titanium  dioxide  40-8, 
lime  28*6  =  100.  ^  Iron  is  present  m  varying  amounts,  sometimes  manganese 
and  also  yttrium  in  some  kinds. 

P3nr.,  etc.— B.B.  some  varieties  change  color,  becmnlng  yellow,  and  fuse  at  8  with  intu* 
mescence,  to  a  yellow,  brown  or  black  glass.  With  borax  they  afford  a  clear  yellowish- 
green  glass.  Imperfectly  soluble  in  heated  hydrochloric  acid  ;  and  if  the  solution  be  con- 
centrated along  with  tin,  it  becomes  of  a  line  violet  color.  With  salt  of  phosphorus  in  RF. 
gives  a  violet  bead  ;  varieties  containing  much  iron  require  to  be  treated  wiih  the  flux  on 
charcoal  with  metallic  tin.    Completely  decomposed  by  sulphuric  and  hydrofluoric  acids. 

Diff. -Characterized  by  Ite  oblique  crystallization,  a  wedge-shaped  form  common  ;  by 
resinous  (or  adanuintine)  luster  ;  hardness  less  than  that  of  staurolite  and  greater  than  that  of 
sphalerite.  The  reaction  for  titanium  is  distinctive,  but  less  so  in  varieties  containing 
much  iron. 

Distinguished  in  thin  sections  by  its  acute-angled  form,  often  lozenge-shaped  ;  Its  gen- 


Obs. — Titanite,  as  an  accessory  compouent,  is  widespread  as  a  rock-forming  mineral, 
though  confined  mostly  to  the  acidic  feldspathic  igneous  rocks ;  it  is  much  more  common 
in  the  plutODic  grniiular  types  than  in  the  volcanic  forms.  Thus  it  is  found  in  the  more 
basic  hornblende  granites,  syenites,  and  diorites,  and  is  especially  common  and  character- 
istic in  the  noph elite-syenites.  It  occurs  also  in  the  metamorphic  rocks  and  especially  in 
the  schists,  gneisses,  etc.,  rich  in  magnesia  and  iron  and  in  certain  grnnulnr  limestones.  It 
is  also  found  in  beds  of  iron  ore  ;  commonly  associated  minerals  are  pyroxene,  amphibole, 
chlorite,  scapolite,  zircon,  apatite,  etc.  In  oivities  in  gneiss  and  granite,  it  often  accom- 
panies adularla,  smoky  quartz,  apatite,  chlorite,  etc. 

*  Occurs  at  various  points  in  tlie  Orisons,  Switzerland,  associated  with  feldspar  and 
chlorite;  Tavetsch;  in  the  St.  Gothard  region;  Zermatt  in  the  Vnlais;  Maderancrthal  ir> 
Uri;  also  elsewhere  in  the  Alps;  in  Dauphine  (spinthere);  at  Ala,  Piedmont  (ligurite);  at 
St.  Marcel,  in  Piedmont:  at  Schwjuzen stein  and  Rothenkopf  in  the  Zillerthai,  Pfitsch, 
Tyrol;  Zc^piau,  Moravia;  near  Tavistock;  near  Tremadoc,  in  North  Wales;  in  titanic  iron 
at  Arenclul.  in  Norway;  with  magnetite  at  Nordmark,  Sweden:  Achmatovsk,  Ural.  Occa- 
sionally found  among  volcanic  rocks,  as  at  Lake  Laach  (aemelijie)  and  at  Anderuach  on  the 
Rhine. 

In  Maine,  in  fine  crystals  at  Sandford.  In  Mass.,  in  gneiss,  in  the  east  part  of  Lee:  at 
Bolton  with  pyroxene  and  scapolite  in  limestone.  In  N.  Yark,  at  Roger's  Rock  on  Lake 
George,  abundant  in  small  brown  crystals;  at  Gouvemeur,  in  black  crystals  in  granular 
limestone;  in  Diana  near  Natural  Bridge.  Lewis  Co  ,  in  large  dark  brown  crystals,  among 
which  is  the  variety  Ifdfrtte;  at  Rossie,  Fine,  Pitcairn,  St.  Lawrence  Co.;  in  Orange  Co., 
in  limestone;  near  *E<lenville,  in  light  brown  crystals  in  limestone ;  at  Brewster,  at  the 
Tilly  Foster  iron  mine.  In  JV.  Jersey^  at  Franklin  Furnace,  honey-yellow.  In  Ptnn., 
Bucks  Co. ,  three  miles  west  of  Attleboro',  associated  with  wollastonite  and  graphite.  In 
i^.  Carolina,  at  Statesville,  Iredell  Co.,  yellowish  white  with  sunstone;  also  Buncombe  Co  . 
Alexander  Co.,  and  other  points. 
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Occurs  iu  Caruida,  at  Orenville.  ArgeDteuil  Co.;  also  Buckinglmm,  Templelon.  Wake- 
field, Hull,  Ottawa  Co.;  at  N.  Burgess,  honey -yellow;  near  JEganville,  Renfrew  Co., 
Ontario,  in  very  large  dark  brown  crystals  with  apatite,  amphibole,  zircon. 

Eeilhauite.  A  titano-silicate  of  calcium,  aluminium,  ferric  iron,  and  the  yttrium 
meials.  Crystals  near  titanite  in  habit  and  angles.  H.  =  6*5.  G.  =  8*52-3*77.  Color 
brownish  black.    From  near  Arendal,  Norway. 

Quarinite.  CaTiSiO*.  as  for  titanite.  In  minute  thin  tables,  flattened  |  b  (010),  nearly 
tetragonal  in  form.  H.  =6.  G.  =  8'487.  Color  sulphur-yellow,  honey-yellow.  Found 
in  a  grayish  trachyte  on  Monte  Somma. 

Tscheffkinite.  A  titano- silicate  of  the  cerium  metals,  iron,  etc..  but  an  alteration- 
product,  more  or  less  heterogeneous,  and  the  composition  of  the  original  mineral  is  very 
uncertain.  Massive,  amorphous.  H.  =  5-5*5.  G.  =  4*508-4-549.  Color  velvet-black. 
From  ihe  Ilmen  mountains  in  the  Ural.  Also  from  8.  India,  probably  Kanjamalai  Hill, 
Salem  distr.  An  isolated  mass  weighing  20  lbs.  has  been  found  on  Hat  Creek,  near  Mas- 
sie's  Mills,  Nelson  Co  ,  Virginia;  also  found,  south  of  this  point,  in  Bedford  Co. 

AstrophyUite.  Probably  R4R«Ti(Si04)«  with  R  =  H,  Na,  K,  and  R  =  Fe,  Mn  chiefly, 
including  also  Fe«Oa.  In  elongated  crystals;  also  in  thin  strips  or  blades;  sometimes  in 
stellate  groups.  Cleavage:  b  perfect  like  mica,  but  laminae  brittle.  H.  =3.  G.  =  3  3-8*4. 
Luster  submetallic,  pearly.    Color  bronze-yellow  to  gold-yellow. 

Occurs  on  the  small  islands  in  the  Langesund  fiord,  near  Brevik,  Norway,  in  elseolite- 
syeuite,  embedded  in  feldspar,  with  catapleiite,  segirite,  black  mica,  etc.  Similarly  at 
Kaugerdluarsuk,  Greenland.  Also  with  arfvedsonite  and  zircon  at  St.  Peter's  Dome» 
Pike's  Peak.  El  Paso  Co..  Colo. 

Johnstrupite.  A  silicate  of  the  cerium  metals,  calcium  and  sodium  chiefly,  with 
titanium  and  fluorine.     In  prismatic  crystals.     G.  =  3'29.     From  near  Barkevik,  Norway. 

Mosandrite.     Near  johnstrupite  in  form  and  composition  and  from  the  same  region. 

Rinkite,  also  near  johnstrupite.  is  from  Greenland. 

Neptunite.  A  titano-silicate  of  iron  (manganese)  and  the  alkali  metals.  In  prismatic 
mouoclinic  crystals.    H.  =  5-6.    G.  =  3*23.     Color  black.    Southern  Greenland. 


PEROVSEITXI.    Perofskite. 

Isometric  or  pseudo-isometric.  Crystals  in  general  (Ural,  Zermatt)  cubic 
in  habit  and  often  highly  modified,  but  the  faces  often  irregularly  distributed. 
Cubic  faces  striated  parallel  to  the  edges  and  apparently  penetration -twins,  as 
if  of  pyritohedral  individuals.      Also  in  reniform  masses  showing  small  cubes. 

Cleavage  :  cubic,  rather  perfect.  Fracture  uneven  to  subconchoidal. 
Brittle.  H.  =  5*5.  G.  =  4  017-4-039  Zermatt.  Luster  adamantine  to  metal- 
lic-adamantine. Color  pale  yellow,  honey-yellow,  orange-yellow,  reddish 
brown,  grayish  black.  Streak  colorless,  grayish.  Transparent  to  opaque. 
Usually  exhibits  anomalous  double  refraction. 

Geometdcally  considered,  peroyskite  conforms  to  the  isometric  system;  optically,  how- 
ever, it  is  uniformly  biaxial  and  usually  ^sitive.  The  molecular  structure  (also  as  devel- 
oped by  etching.  Baumbauer)  seems  to  correspond  to  orthorhombic  symmetry.   Cf.  Art.  411. 

Oomp. — Calcium  titanate,  CaTiO,  =  Titanium  dioxide  58*9,  lime  41*1  = 
100.     Iron  is  present  in  small  amount  replacing  the  calcium. 

Pyr.,  etc. — In  the  forceps  and  on  charcoal  infusible.  With  salt  of  phosphorus  in  O.F. 
dissolves  easily,  giving  a  greenish  bead  while  hot,  which  becomes  colorless  on  cooling; 
in  H.F.  the  bead  changes  to  grayish  green,  and  on  cooling  assumes  a  violet-blue  color. 
Entirely  decomposed  by  boiling  sulphuric  acid. 

Obs. — Occurs  in  small  crystals,  associated  with  chlorite,  and  magnetic  iron  in  chlorite 
slate,  at  Achmatovsk,  near  Zlatoust,  in  the  Ural:  at  Schelingen  in  the  Kaiserstuhl,  in  granular 
limestone;  in  the  valley  of  Zermatt,  near  the  Findelen  srlacier;  at  Wildkreuzjoch.  between 
Ptitsch  and  Pfuuders  in  Tyrol.  Sometimes  noted  in  nucroscopic  octahedral  crystals  as  a 
rock  constituent;  thus  in  nephelite-  and  melilite-basalts;  also  in  serpentine  (altered  perido« 
tite)  at  Syracuse,  N.  Y. 
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Enopite.  Neai'  peroy&kile  but  coutnlna  cerium.  Iq  blatk  isometric  crystals.  From 
AluU.  Swpileu. 

Dyiaaalyto.  A  lilaiio-niobiite  of  culciuin  aud  iron.  In  cubic  crystals.  Fi-oin  ihe 
gnLiJiilttr  llnieatone  ot  Voglsbui'g,  Kuigersluhlgebirge,  BhcIcu.  Hhi  previously  been  called 
perovskiie,  but  is  in  fact  intermediate  betweeu  the  lilanate,  perovakile,  and  tbe  iiiolnites, 
pyrnc'bloru  aud  kopplle. 

A  related  miuernl,  wbich  lias  also  long  passed  as  jjeroTsklto,  occuis  wilb  inagtielile, 
hrookite.  rutile,  etc  ,  at  Mitgoet  Cove,  Arkansas.  It  is  in  octaliedroaa or  cu bo-octahedrons, 
bluck  nr  brownish  black  hi  color  am)  submclnllic  iu  luster. 

See  also  ilie allied  illaDiite.  bizbyitc.  mentioned  qu  p.  34S. 

OeikielltB.  Hiiguesium  titanate,  MgTiOi.  Hussive,  BS  rolled  pebbles.  U.  =  6. 
G.  —  4.    Color  bluish  or  brownish  black.    From  Ceylou. 
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Oxygen  Salts. 
8.   NIOBATES,  TANTALATES. 

The  Niobates  (Columbates)  and  Tantalates  are  chiefly  salts  of  metaDiobic 
and  metatantalic  acid,  RNb,0,  and  RTa,0,;  also  in  part  Pyroniobates,  RNb,0„ 
etc.  Titanium  is  prominent  in  a  number  of  the  species,  which  are  hence  inter- 
mediate between  tne  niobates  and  titanates.  Niobium  and  tantalum  also  enter 
into  the  composition  of  a  few  rare  silicates,  as  wohlerite,  lavenite,  etc. 

The  following  groups  may  be  mentioned  : 

The  isometric  Pyrochlore  Group,  including  pyrochlore,  microlite,  etc 
The  tetragonal  Ferguson^ite  Group,  including  fergusonite  and  sipylite 
The  orthorhombic  Golumbitb  Group,  including  columbite  and  tantalita 
Also  the  orthorhombic  Samarskite  Group,  including  yttrotantalite,  samarsk 
ite,  and  annerodite. 

The  species  belonging  in  this  class  are  for  the  most  part  rare,  and  are 
hence  but  briefly  described. 

PTROOHIiORE. 

Isometric.    Commonly  in  octahedrons;  also  in  grains. 

Cleavage:  octahedral,  sometimes  distinct.  Fracture  conchoidal.  Brittle. 
H.  =  5-5*5.  G.  =  4*2-4'36.  Luster  vitreous  or  resinous,  the  latter  on  fracture 
surfaces.  Color  brown,  dark  reddish  or  blackish  brown.  Streak  light  brown, 
yellowish  brown.    Subtranslucent  to  opaque. 

Comp.— Chiefly  a  niobate  of  the  cerium  metals,  calcium  and  other  bases, 
with  also  titanium,  thorium,  fluorine.  Probably  essentially  a  metaniobate 
with  a  titanate,  RNb,0,.R(Ti,Th)0,;  fluorine  is  also  present. 

The  following  are  analyses  by  Raramelsberg  : 

G.         NbaO,     TiO,    ThO,    Ce,0,     CaO 
Miask  4  359    |  53-19      10  47      756      700      1421 

Predriksvarn      4-228        4718      18-62        —       7*80      1694 

Obs.— Occurs  in  elsoHte-syenite  at  Fredriksvftm  and  Laurvik.  Norway;  on  the  island 
LOvo.  opposite  Brevik,  and  at  several  points  in  the  Lanfresund  fiord;  near  Miask  in  the  Ural. 
Named  from  Tcvf),  fire,  and  j^Aoipbf,  green,  because  B.B.  it  becomes  yelIowi?tb  green. 

Koppite.  Essentially  a  pyroniobate  of  cerium,  calcium,  etc.,  near  pyrochlore.  In 
minute  brown  dodecahedrons.  G.  =  4-45-4-66.  From  Schelingen,  Kaiserstuhl,  embedded 
in  limestone. 

Hatchettolite.  A  tantalo-niobate  of  uranium,  near  pyrochlore.  In  octahedrons  with 
a  (100)  and  m  (811).  G.  =  4  77-4  90.  Color  yellowish  brown.  Occurs  with  samarskite, 
at  the  mica  mines  of  Mitchell  Co.,  North  Carolina. 

Microlite.  Essentially  a  calcium  pyrotantalate,  CaaTaaOi.  but  containing  also  tan- 
talum, fluorine  and  a  variety  of  bases  in  small  amount.  Isometric.  Habit  octahedral ; 
crystals  often  verv  small  and  highly  modified  (Fig.  109.  p.  40).  H.  =  5  5.  G.  =5*485- 
5*562;  613  Virginia.  Color  pale  yellow  to  brown,  rarely  hyacinth-red.  From  Chesterfield, 
Mass..  in  albite:  Branchville,  Conn.;  UtO.  Sweden.  Also  in  fine  crystals  up  to  1  in.  in 
diameter  at  the  mica  mines  at  Amelia  Court-House,  Amelia  Co.,  Ya. 


FeO 

MgO    NaO,      F 

1-84 

0  22      6  01 

10*08 

019      312     2-90 

[ign.  1-89  =  101*62 
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Ptrrhitb.  ProlMtbly  a  nfobate  related  to  pvrochlore,  and  perhaps  identical  with 
micro] ite.  Occurs  in  ndnute  orange-yellow  octahedrons.  From  Alabashka,  near  Mursinka 
in  the  Ural. 


FBROU80NITXI.    Tyrlte.    Bragite. 

Tetragonal-pyramidal.  Axis  6  =  1*4643.  Crystals  pyramidal  or  prismatio 
in  habit. 

Cleavaffe:  s  (111)  in  traces.  Fracture  snbconchoidal.  Brittle.  H.  =  5*5-6. 
G.  =  5 '8,  diminishing  to  4*3  when  largely  hydrated.  Luster  externally  dull, 
on  the  fracture  brilnantly  vitreous  and  submetallic.  Color  brownish  black; 
in  thin  scales  pale  liver-brown.    Streak  pale  brown.    Subtranslucent  to  opaque. 

Comp. — Essentially  a  metaniobate  (and  tantalate)  of  yttrium  with  erbium^ 
cerium,  uranium,  etc.,  in  varying  amounts ;  also  iron,  calcium,  etc.    General 

ni  ^ 

formula  R(Nb,Ta)0,  with  R  =  Y,Er,Ce. 

Water  is  usually  present  and  sometimes  in  considerable  amount,  but  probably  not  an 
original  constituent;  the  specific  gravity  falls  as  the  amount  increases.  Analyses  by  Ram* 
melsberg: 

G.     Nb,0»Tn,0.  UO,  WO.  SnO,  Y,0.  Er,0,  Ce,0,  FeO  CaO  H,0 
Greenland,  J^er^.  6  577    44  45      680    2*58   015   0*47   24*87   9'81    7-68»  0*74  0*61    V4» 

[=:  0010 

Ytterly,  yw.         4774    2814    2704    218     —      —     2445   8-26     —     0-72   4*17   513 

[=100*08 
•  Inol.  6*68  DiaOt,LaaOa. 

Obs.— From  Cape  Farewell  in  Greenland,  in  quartz;  also  at  Ytterby,  Sweden^  and 
E&rarf vet.  Tyrite  is  associutcd  with  euxenite  at  Hampemyr  on  the  islana  of  TromO.  and 
Helle  on  the  mainland;  bragite  is  from  Helle,  NarestO,  etc.,  Norway. 

Found  in  the  U.  &.,  at  Rockport,  Mass.,  in  granite;  in  the  Brfndletown  gold  district, 
Burke  Co..  N.  C,  in  sold  washings;  with  zircon  in  Anderson  Co.,  8.  Carolina;  at  the 
gadolinite  locality  in  Llano  Co.,  Texas,  in  considerable  quantity. 

Sipylite.  A  niobate  of  erbium  chiefly,  also  the  cerium  metals,  etc.,  near  fcrgusonite 
in  form.  Rarely  in  octahedral  crystals.  Usually  in  irregular  masses.  G.  =  4*89.  Color 
brownish  black  to  brownish  orange.     Occurs  sparingly  with  allanite  in  Amherst  Co., 

Virginia. 


COLUMBITE.TANTALITE. 

Orthorhoinbic.     Axes  a  :  h  :  6  ==  0-8285  :  1  :  0*8898. 

yy,      210  A  210  =  45*    0'.  ee,       001  a  031  =  60"  40'. 

mm",  110  A  no  =  79'  17'.  ao,      100  A  HI  =  51*  16'. 

p/,      130  A  130  =  43*  50'.  eu,      001  A  188  =  43'  48'. 

ck,       001  A  103  =  19'  43'.  un\    138  A  133  =  29°  57'. 

cq,        001  A  033  =  80*  41'.  uu"\  133  A  1§3  =  79*  54'. 

Twins:  tw.  pi.  e  (021)  common,  nsnally  contact-twins,  heart-shaped  (F\vs. 
347,  p.  118),  also  penetration-twins;  further  tw.  pi.  q  (053)  rare  (Pi^.  404.%. 
281).  Crystals  short  prismatic,  often  rectansmlar  prisms  with  the  pinacoi'dsi 
a  be,  prominent;  also  thin  tabular  ||  a;  the  pyramids  often  but  slightly 
developed,  sometimes,  however,  acutely  terminated  by  u  (133)  alone.  Also  in 
large  groups  of  parallel  crystals,  and  nriassive. 

Cleavage:  a  rather  distinct;  b  lees  so.  Fracture  snbconchoidal  to  uneven. 
Brittle.  H.  =  6.  G.  =  5-3-r-3,  varying  with  the  composition  (see  below). 
Luster  submetallic,  often  very  brilliant,  sub-resinous.    Color  iron-black,  grayish 
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and  brownish  black,  opaqne;  rarely  reddish  brown  and  translncent ;  frequently 
iridescent.     Streak  darlc  red  to  black. 


3IidiIlek>WD. 


Black  HlllB. 


Qrecnland. 


Comp.,Tar. — Niobateand  taiitalate  of  iron  and  manganese,  (Fe,Mn)(Nb,Ta},0„ 
passing  by  iiisensiblo  gradations  from  normal  Columbite,  the  nearly  pure 
niobate,  to  normal  Tantalite,  the  nearly  pure  tantalate.  The  iron  and  man- 
ganese also  vary  widely.  Tin  and  wolfram  are  present  in  small  amount.  The 
percentage  compoBition  for  FeXli,0,  =  Niobium  pentoxide  82'~,  iron  protoxide 
17-3  =  100;  for  FeTa,0,  =  Tantalum  pentoxide  86'1,  iron  protoxide  13-9  =  100 

Id  some  vnrieties.  manganoeolumbite  or  manganotantalilt,  the  Iron  ts  Iftrgety  replaced  by 
ntan^niiL-se. 

Tlie  connection  between  tbo  specIBc  gmvlly  and  tlie  percentage  of  metallic  acids  la  sbvwa 
Iq  the  rollowiag  table : 


Ta,0. 


Tn,0. 


Greenland 

6-8$ 

3-3 

Bodenronis 

698 

271 

Acwortli,  N.  U, 

665 

169 

Haddam 

605 

30-4 

LimoBei 

6-70 

138 

BodenmaU 

6-06 

95-4 

BodenmatB  (Dianite) 

5-74 

134 

Haddam 

6-18 

81-5 

Hndilam 

O'BO 

10  0 

ThntaliUs 

708 

65-6 

DiS— Dlatinguislied  (from  black  tourmaline,  etc.)  by  ortliorhombic  crrstalliEatlon, 
rectangular  forms  coinmou;  high  spcciflc  gravity:  submetallic  luBler,  often  with  irldeacent 
surface:  cleavage  much  leas  dlalinct  Iban  ^r  wolfrsmite. 

Pyr. ,  etc.— For tantaliU.B.B.  nlnne  unaltered.  With  sivlt  of  pboephoniB  dissolves alonlf, 
Klvlng  an  iron  gbiss.  wUicli  in  R.F.  Is  pale  yellow  on  cooling;  treated  with  Hn  on  cbnrconl 
It  becomes  grei.'D.  Decomposeil  on  fusion  with  potassium  bisulpliale  In  the  platinum  spoon. 
and  pves  on  tiealment  with  dilute  hydrochloric  acid  a  yellow  solution  and  a  hrnvy  white 
powder,  which,  on  addition  of  metallic  zinc,  assumes  a  small-blue  color;  on  dilution  with 
water  the  lilue  color  soon  disappears.  Columbite.  when  decomposed  by  fusion  wllli  caustic 
potash,  and  treated  with  bvdrocliloHc  and  sulphuric  acids,  gives,  on  the  addition  of  zinc,  a 
blue  color  more  lasting  than  with  tiuitalite.  Partially  decomposEd  whrn  the  powdered 
mineial  is  evaporated  to  dryness  with  concenlmtert  aulpburlc  acid,  lis  color  is  changed  to 
wlilte.  lielit  gray,  or  yellow,  and  when  boiled  with  hydrochloric  acid  and  metallic  zinc  IL 
gives  a  beiiutiful  blue. 

Obs. — Coliimbile  occurs  at  Ribcnsteln  and  BodenmaIn.  Bavnria,  in  grarlti-:  Tammela. 
in  Finland;  Chantelonbe.  near  Limogps.  Iii  neemntile  with  tnntaliie;  near  Mlask.  in  the 
Ilmen  Mis.,  with  saraarflkite:  In  the  eold-washlngs  of  the  Sanarka  region  in  llie  Ural;  In 
Greenland.  In  cryolite,  at  Ivlgtnt  (or  EvigfokV  In  brilliant  crystals. 

in  the  United  S'ates,  In  Maine,  at  Standisb.  In  splendent  crystals  In  granite;  also  at 
Stoneham  with  caasiterite,  etc.  In  JV".  H-impthire,  at  Acwortb.  at  the  mica  mine.  la 
Mau..  at  Chesterfleld:  Nortbfleld,  Hass  In  Conneetitmt,  ^i  Hsddnm,  in  a  granite  vein; 
near  Mlddletownint  BranchTlIIe,  Fairfield  Co  ,  In  a  vein  of  albitlc  granite.  In  large  crystals 
and  aggregates  of  crvstals.  also  in  minute  translucent  crystals  (i7vmgaruniotiimbiU\  upon 
■podumene.    lu  N.  York,  at  OreenOeld,  with  chryiobeiyl.    In  Ann.,  Mineral  Hill,  Dela- 


4«» 


^«f«  O.    la  rarfiafti,  Amdb  Oa,  ia  fine  iplcDdcBt  cnrHab  with  nkvolite,  moBuitc.  cte. 

hi  X  CanMft^  whh  Mmankitc  at  the  mica  minet  of  Milciicil  Co.    In  Cmhrad^  on  micnK 

vii»«  »i  tbtf  F1k«'s  Peak  regioo;  Tark^  CrerlL,  Jeffciaoa  Co.    In  &  Dakota,  io  the  Bhick 

ilili»  rvgHw.  coaunoo  in  tiie  gimnile  ▼cum.    In  Cat^armia^  Kinf^'s  Creek  distr.,  Fmno  Go. 
JftiMj^jUojUu^te  (NordenskiSld)  from  CUI»  Sweden,  occun  with  peialite.  lepidolite. 

wicroUte,  etc    Mam^amaituUaUit  (Anrmd)  is  from  goU-waridngs  in  the  Sanarka  rq^hNi  in 

IheVmL 

MaMive  tantalite  occun  in  Finhmd,  in  TWnmela,  at  Biridmari  near  Tono;  in  Kimito.  at 

kjOLo^UMe:  hi  Sumero  at  Kaidasuo^  and  in  Kuortane  at  Katiala,  with  lepidolite,  toormaiine; 

and  ber^i;  in  Sweden,  nenr  Fklon.  at  Broddbo  and  FinlM>:  in  France,  at  Clianteloiilie  near 
,  LiiiM>ee^  iu  pegmatite.  In  the  U.  S..  in  Yancey  Ca,  K.  C:  Cooh  Co.,  Ala.;  alau  in  the 
'  Black  Hills.  8.  Dakota. 

Skogb&lite  is  emgntiillr  FcTM>«,  like  normal  tantalite,  bat  occnrs  in  primatic  ciystab 
of  different  angles;  the  pnsm  is  near  that  of  aamaisldte.  From  Hirkiaaari  in  Tunmela, 
Finland;  also  friMn  k^KogbOle  in  Kimito.  Izioutx,  from  SkoghSle,  is  a  niobo-tantalale  of 
iruB  and  manganese:  also  oootaiuing  tin;  relatkms  doobtfoL 

TapioUto.  Fe(Ta,Nb)sO«.  Like  tantalite.  but  occurring  in  square  odahedroiiB. 
G.  =  7  4SML    Color  pure  black.    Fnnn  the  Kulmala  farm,  Tunmela,  Fuknd. 


Ortborhombic  Axes  d:l:i  =  0-5412  : 1 :  1*1330.  Crystals  prismatic. 
mm'"  =  56'  50'. 

CleaYSge:  b  Tery  indistinct.  Fnctnre  small  concboidal.  H.  =  5-5*5. 
O.  =  5*5-5*9.  Lnster  snbmctallic  to  Yitreons  and  greasy.  Color  black,  brown, 
brown  isb  yellow,  straw*yellow.  Streak  gray  to  colorless.  Opaqne  to  anb- 
translncent. 


n  m 


Cmif-— EMentially  BB,(Ta,NbhO„  +  4U.0,  with  B  =  Fe,  Ca,  B  =  Y,  Er, 
Ce,  etc.    The  water  may  bie  secondary.    Analysis  by  Bam  melsberg: 

Ta«Oft    NbtOi  WO.    SnO.    TaOs  £r.O.  Ce.Os    UO,    FeO     GaO     H,0 

0.r=  5-425    }   46-25     12*82     2  36      112      10*52     6*71      2*22      1*61      8  80     5*78      6  81 

[=98  95 

The  so-called  yellow  yttrotaDtalite  of  Ttterby  and  K&rarfvet  belongs  to  fergusonite. 

Obt.— Occurs  in  Sweden  at  Ytterbj,  near  Yazbolm,  in  red  feldspar;  at  Finbo  and 
Broddbo,  near  Falun. 
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Ortborhombic.  Axes  &  :h:i  =  05456  : 1 : 0-5178.  Crys- 
tals rectangular  prisms  {a,  b),  with  e  (101)  prominent 
Angles,  mm'''  =  57°  14';  ee'  =  87°.  Faces  rough.  Com- 
monly  massive,  and  in  flattened  embedded  grains. 

Cleavage:  b  imperfect.  Fracture  conchoidal.  Brittle. 
H.  =  5-6.  G.  =  5 •6-5*8.  Luster  vitreous  to  resinous, 
splendent.  Color  velvet-black.  Streak  dark  reddish  brown. 
Nearly  opaque. 

n  m  n 

Comp.— R,R,(Nb,Ta),0„  according  to  Eg.,  with  R  =  Fe, 

Ca,  XJO,,  etc. ;   R  =  cerium  and  yttrium   metals  chiefly. 
Analyses  by  Rammelsberg: 


O.        Ta,Oj    Nb,0. 8nO,.WO,    UO, 
N.  Carolina  5-889     14-86    41-07     016       1090 
Hiask            5-672  |  —      55*84     0  22       11  94 

Ce.O.*  Y,Oj    Er,0,      FeO 
2-87    610    10-80    14-61 
4-88    8*80      8-82    14*80 

0-56^  =  100*98 
108  =    99-88 

•  Incl.  DftO.fLasOs. 

0  Inel.  8iO«. 

NIOBATES,  TANTALATES. 


Pyr.,  ate. — lu  the  closrd  tube  decrepitates,  glows,  cracks  open,  Bud  lurns  black.  B.B. 
fuses  ou  ibe  edifes  to  n  black  gloss.  With  salt  of  phospborus  id  boili  flames  an  euieruld- 
greeii  bead.  Wilb  soda  yields  a  mitngaDeae  reacllou,  Decuiuposed  on  fusion  with 
polasalum  bisiilpbate,  jieliiing  a  yelluw  mass  wbicb  on  treatueiil  witli  dilule  bydrocbloric 
acid  separati^  wbile  lantallc  acid,  aud  on  bolliug  wilb  metallic  zitic  gives  a  Hue  blue  color. 
In  powder  sufficienily  decomposeil  on  boiling  with  coDceutrated  sulpburic  ucid  to  give  thu 
blue  reduclioD  test  wtien  ibe  acid  fluid  is  treated  wilb  metallic  kIhc  or  lln. 

Obi.— Occurs  In  reddlab  brown  feldspar,  witb  escljyuile  aud  columblle  iu  tltu  Ilmeu 
mounlnius.  near  Miask.  In  tljc  United  States,  ratber  abuudanl  and  sometimes  in  large 
mosses,  up  to  20  lbs,,  iit  llie  mica  wines  In  HitcUell  Co.,  N,  Caroliaa,  lutimutdy  assocbileil 
nitli  columblle;  sparingly  elsewbere. 

Annerftdlte.  Essentially  a  pyro-niotwie  of  uranium  and  yttrium.  In  prismatic  crystals. 
ofli'u  resembling  columblte.  H.  =C,  G.  =  5  7.  Color  black.  From  Uie  pegmatite  vebi 
ut  AuncrJSd,  uear  Hoss.  Norway. 

Hielmite.  A  Stan  no- tan  ta  I  ate  (and  ntobate)  of  yttrium,  iron,  manganese,  calcium. 
CryataU  (orlborhombic)  \iBually  rougb;  masBlve.  Q.  sB'83.  Color  pure  black.  From 
tbe  K^rarfTut  miue.  Falun,  Sweden. 

JBsobynlte,  A  niobate  and  litanate  (tborate)  of  the  cerium  metals  chiefly,  also  in  small 
amount  iron,  calcium,  etc.  Crystals  prismalic.  ortborhombic.  Fmcture  small  conchoEdaL 
Brittle.  II,  =5-S.  G.  =  4  93  BltterO;  S168  Hiaak.  Luster  submetaltic  to  resinous. 
nearly  dull.  Color  nearly  black,  iuclinliig  to  brownish  yellow  when  translucent.  AnalyBls 
by  Rikiumelsberg 

Nb,0.  TiO,    ThO,    Ce,O.,I,a,(Di,)0,  T,0,.(Br,0,)      PeO    CaO 
G.  =6108    SS'SI    Siao    lT-55  19-41  8-10  U'34    2'50=;9»'61 

From  Mlask  In  tbe  Ilmeu  Mts..  In  feldspar  witb  mica  and  zircon;  also  with  cucliise 
iu  tbe  gold  sands  uf  tbe  Orenburg  District.  Soiilbern  Ural.  From  HitterO.  Norwsy.  Named 
from  aiiTfvyi),  ikame,  'ay  Berzellns,  in  allusion  to  tbe  inability  of  chemical  science,  at  tlia 
time  of  ita  discovery,  to  separnle  some  of  its  constituents 

FolrmlgnitA.  A  niobate  aud  litanate  (zirconHte)  of  tbe  cerium  metals,  iron,  calcium. 
Crystals  slander  prisms,  vertically  striated.  G.  =  4'77-4'85.  Color  black.  Occurs  at 
Fredriksvftro,  Norway. 

EuxMiitB.  A  niobate  and  titnnnte  of  yttrium,  erbium,  cerium  and  uranium.  Crystals 
rare;  commonly  massive.  H.  =  66.  G.  =  4  7-60.  Color  brownish  black.  Analysis  by 
Rammelsberg. 

Y,0,      Er.O,     Ce,0,      UO.      FeO     H,0 

37-48       B'40        817       4-78      1-88      8-68  =  99 » 


Q.      Nb,0, 
Alve  600      8809       afio 

Occurs  at  Jdlstsr  in  Norway;  n 
Folycrass.     A  niobate  and  ti 


,r  Tvedestrand;  ut  Alve.  etc.,  near  Arendal. 

te  of  yttrium,  erbium,  ce  ium,  unnium. 
;nite.  Crystals  tbin  prismatic,  ortboriiomblc.  Fmcture  c<>nc hoi dal. 
M.  =  0-«,  G.  =;  4  97-504.  Luster  vitieous  to  resinous.  Color  black, 
browuisb  in  ipliulers.  Analyses;  1,  Mackintosh;  2,  Hitlden  and  Rimmels- 
berg. 

Nb,0,  Ts,0,    TfO,    Y,0.    Er,0,  0,0,    OO,      FeO     H,0 

HiilerO  2085  400  38-68  38-82    7-53    Sfll    770  a-Ta    4  02 

Henderson  Co..  19  48     —    29  81  a7-56'    —      —    18-77  2  87  6-18'' 

[=9816 

'  At.  wght.  113.  'UO,. 

From  HitterO,  Norway,  in  granite  with  gadollnlle:  at  SlBltfikm.  Smftlsnd, 
Sweden.  In  tbe  U.  Stales.  In  N,  Carolina,  In  tbe  gold -washings  on  Davis 
bind,  Henderson  Co.  with  zircon,  monazite,  xenoilmp,  magoetlle;  also  In 
8.  Carolina,  four  milen  from  Mariella  In  Greenville  Co.  Named  from 
Tto^vi,  many,  and  Kpdirif,  mixlur*. 


DKCBIFIITX  XIMERASJOaY. 


Oxygen  Salts. 


4.  PHOSPHATES,  AHSZSTATES,  VANADATES, 
AliTZMONATES. 

A.  Anhydrous  Phosphates,  Arsenates,  Vanadates,  Anitmonales. 

Konnal  phosphoric  acid  is  U,PO„  and  conseqaeDtlv  normal  phosphatee 

bate  the  formulas  B,PO^  k,(FO.),  and  KPO„  and  gimilarlv  for  the  ane- 
n&tet,  etc.  Only  a  comparatively  email  namber  of  species  coofonn  to  this 
simple  formula.  Most  species  contain  more  than  one  metallic  element,  and  in 
the  prominent  Apatite  Group  the  radical  (CaF),  (CaCl)  or  (PbCl)  enters; 

in  the  Wagnerite  Group  we  have  simihu-ly  (KF)  or  (ROH). 


XEMOTIME. 

Tetragonal.     Axis  £  =  0-618' 
930. 
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V^ 


ixl  thorium  as  in  n 


(111  A  ill)  =  55°  30',  «"  (111  A  ITl) 
=  a-j-   22'.     In   crystals  resemhling  zircon   in  habit; 

sometimes  omponnded  with  zircnti  in  parallel  position 
{Fip.  :!I4.  p.  i:n).      In  rnllo.l  craliis. 

Cleavai-o:  m  perfect.  Frafture  tinoven  and  splint- 
ery. Brittle.  n.  =  i-:>.  (1=4  4.i-4  56.  Luster 
resinous  to  vitreous.  Colnr  Yellowish  hrown,  rethlish 
brown.  Iiair-brown.  flesh-red,  ^ayish  white,  wine-yellow, 
Trale  yellow;  streak  pale  brown,  yellowish  or  reddish. 
OpaTiie.     OnticalJy  +. 

r«mp.— Kssentiaih-  yttrium  phospliate,  YPO,  or 
Y,O..P,0.  =  Phosphorus  pentoxide  :JS-6.  yttria  61-4 
=  IIW,  The  yttrium  metals  m.iy  inclnde  erbium  in 
lar{;e  amount ;  cerium  is  sometimes  present;  also  silicon 
lazite. 


;iil  colors  tbe  flitme 


When   moisiene'i  witb  sulpliviric   i 
;  ill  suit  of  ptiosplionis.     InsoltiliJe  in  ficii!«. 
IS  letrngoiiiil  form,  but  lUslhijruisbed  liy  inferior  Imnlnc 


Pyr.,   etc.-mi.   Itifiisihl... 
Wuiflh  ■.Ti-r-n.     l»lfll<:Mliiy  s.iliiljU 

Dlff-»is-iiil)l<s  KirciHi  in  i 
anil  pirfi'd  |irism;ilip  cluiivsKe 

Obii. — OiTiif'  iiH  im  acressory  mineial  in  griMiite  reins:  someilmes  in  mimi'e  emhpdded 
crystiils  uenenilly  ilistribuli-d  in  irrnnilic  nnil  pneissoiil  rocks.  Foniid  at  Hillerft;  si  Moaa. 
Krnjti'rft,  anil  from  pee-nmtite  veins  nt  oilier  points  in  Norway:  fit  Yllerhy.  Swe<ieii:  lliu 
niiiii  Ucrg,  S.W,  from  St.  Gotlian!  Hnd  thi-  Biiinenlhal,  SwitKerland.  An' accessory  con- 
Hliiiieni  in  lli>>  mnscnvile-Krnniles  of  Bmzil. 

In  tlie  United  Slnies.  in  (lie  coW  washincs  of  ClarkBTllle.  Georgia:  in  N.  Carolina. 
]<urkc  Co..  Hi^Dilemon  Co..  MltrlipH  Co.;  in  lirilliaiiC  cryslnis  in  Alexnniler  Co.  witb  nitile. 
etc-i  will)  tysooltc  near  Pike's  Peak,  Colorado;  rare  on  New  York  Island. 


PH08PHATBS,  iSSENATES,   ETC. 


MONAZITE. 
Monoclinic.     Area  4  :  i  :  <!  =  09693  :  1  : 


S  =  76°  20'. 


Norwlcb,  Ct. 


mm".  110  a  110  =  86"' 34'. 

<HD,  100  A  101  =  39'  13i'. 

a'x,  100  A  iOl  =  53°  31'. 

til.  Oil  A  Oil  =  88'' 56'. 

rr-,  111  Alii  =60' 40". 

TO",     ill  A  iii  =  73''  18'. 

Crystals  commonly 
small,  often  flattened  \  a  or 
elongated  |  axis  b;  some- 
times prismatic  by  exteu- 
Biou  of  V  (111)  (Fig.  324, 
p.  102);  also  large  and 
coarse.  In  masses  yielding 
angular  fragments;  in  rolled 
grains. 

Cleavage:  c  sometimes  perfect  (parting?);  also,  a  distinct;  h  diSicuU; 
-sometimes  showing  parting  ]|  c,  m.  Fracture  conchoidal  to  uneven.  Brittle. 
H.  =  5-5'5.  G.  =■  4'9-5'3;  mostly  5'()  to  d'3.  Luster  inclining  to  resinous. 
■Color  hyacintli-red,  clove-brown,  reddish  or  yellowish  brown.  Su  bt  run  spare  nt 
to  aubtranslucent.  Optically  +.  Ax.  pi  J_  5  and  nearly  |[  a.  Bs.  f\  i — 
-j-  1°  to  4°.     Dispersion  p  <  v  weak;  horizontal  weak.     2Er  =  29°  to  iV. 

Comp. — Phosphate  of  the  cerium  metals,  essentially  (Ce,La,Di)PO,. 

Most  analyses  show  ibe  preSGDCu  of  TiiO,  aud  StOg,  usually,  bill  uoi  always,  {o  th« 
proper  amouut  to  form  Iborluin  stiicntc:  tb;it  tbie  is  mechaujcally  preseDt  U  uot  cenalu 
f) lit  possible.     Tjpicsl  analyses:  1,  BlomstraDd;  3.  PcoQeld, 

G       P.O.    Ce,0,   U,0,  Y,(Er),0,  SiO,    TLiO, 

1,  Arendal  516    3755    20-30    36-28        3'8a       IM     9-57      X  2  84  =  100  60 

2.  BurkeCo.,K.  C.     SIO    30-28    81-38    30-88  —  140      6-40    igu0-20=    9968 

X  =  Fe,0, 1-18,    CaOOeO,    H,0  053. 

Pyr.,  Btc. — B.B,  Infusible,  turn'  gray,  and  when  moistened  wiib  sulpburic  acid  colors 
tbe  name  bliijsb  green.  Wilb  bors.v  gives  il  heaA  yellow  wliile  hot  ntici  culorlesa  on 
■coolinir;  a  aaturated  bead  becDmes  eunmel-wbiln  on  fliimlng.  DIffitultly  soluble  [n  liydro- 
cbloric  acid. 

Obi.—Riitlier  abundantly  distributed  as  an  accessory  conBiiluent  of  gorissoid  rocks  in 
rertain  regions,  thus  la  Norlb  Carolina  and  Brazil.  Occurs  near  Zlatoust  in  the  llmen 
Mts.,  in  granite.  In  Norway,  near  Arendal.  and  at  AnnerOd.  In  small  jellow  or  biowii 
crystals  {tUTnerite)  in  Daiipblue  and  Switzerland.  Found  also  In  tbe  gold  wasbiDgs  of 
Antioqiiin:  in  the  diamond  gravels  of  Brazil. 

In  the  United  States  formerly  found  witb  the  allMmanlte  of  Norwicli.  Conn,;  also  at 
Yorktowii,  N.  Y.  In  large  course  crystals  and  masses  in  albilic  trranitc  with  microlile.  etc.. 
lit  Amelia  ('oi)rl-Hou«e.  Virginia.  In  Alexander  Co.,  N.  Carolina,  in  splendent  irysials; 
In  Mitchell,  Madison.  Bnrke.  and  McDowell  counties,  obtained  In  large  quantities  In  rolled 
gmins  by  naabing  tlic  gravels. 

Mouazileis  named  from  iiovdZ^iy.  to  ba  toUlary.  in  alluaiOD  to  its  rare  occurrence. 

CrypiolUe  occurs  in  wine-yellow  prisms  and  grains  In  the  green  and  red  apatite  of 
Arendal.  Norway,  and  is  discovered  on  pulling  the  apatite  in  dilute  nitric  acid.  It  is 
probably  monazite. 

Barzeliite.  R,As,0,(R  =  Ca,Mg,Mn),  Isometric,  usually  masnive.  O  =  4  08.  Color 
bright  yelhiw.  From  L&ngban.  Sweden.  PyrrhaTtenite  from  tba  SjO  mines.  Sweden,  con- 
iniiis  also  antimony:  color  yellowish  red.  Caryinile,  aasociated  with  berzelilte,  Is  related, 
l)ut  contains  lead;  massive  (monocUnlc)' 


%  iuk    :j^^  ^ 


Triphjitte  atmipu    OrtlMriMMBbicL 

LilMn,Fe>PO. 
XaMnPO. 
OraLoplL«xphacet  of  an  mlkali  meui,  lithium  or  todioiD,  viih  iroo  and 


Orthorfaombic.  Axe*  d  :l:^^  0'4ZAB  :  1  :  0-5265.  Crmals  nuv,  nsaally 
c^MkTse  and  faces  nneren*    CommoDlj  maanTe,  deavable  to  compact. 

ClcaTaee:  c  perfect;  b  nearlr  perfect:  m  iDtermptcd.  Fracture  nneren  to 
subcoachoidal.  H.  ^  4  5-5.  6«  =  3*42-3-56.  Luster  Titreona  to  rennooa. 
Color  greenish  graj  to  blaish  in  triphTlite;  also  pale  pink  to  yeDow  and  cIoTe^ 
blown  in  lithiophilite.  Streak  nncofored  to  grayish  white. '  Tranaparait  to 
translucent. 

CoMp.,  Tar. — A  phofiphate  of  iron,  manganese  and  lithinm.  Li(Fe,Mn>PO^, 
Tarviug  from  the  b.iiiah-ffray  tkiphylite  with  little  manganese  to  the  salmon- 
pirilk  or  clove-brown  UTifioVif flite  with  but  little  iron. 

Tyi'icJtl  TriphyliU  U  UFeVOt  =  PhrHpboras  pentoxide  45-0.  iron  protoxide  45*5,  litLia 
9-5  =  Vif).  Typic-?*!  LithicphiUte  U  LIMnPf),  =  Phosplionis  peDtoxide  45-3,  maDgBDCse 
protoxide  4'rl.  lithia  ft  <5  =  UKl.     B^>th  Fe  and  Mn  are  always  present. 

Pyr.,  etc.— Ifj  th<j  clo<ie'l  \,M\i*i  li/^metimes  decrepitates,  turns  to  a  dark  color,  and  gives 
off  traces  of  wafer,  B.B.  ftise^  at  1-5.  coloring  the  flame  beautiful  lithia-red  in  strcmks. 
with  a  pale  bluish  ijreen  on  the  exterior  of  the  cone  of  flame.  With  the  fluxes  reacU  for 
iron  and  mangane^;  the  iron  reaction  is  feeble  in  pure  lithiophilite.  Soluble  in  hydro- 
chloric a';id. 

,  Oy^^-'TriphylUehn  often  a8V>ciated  wfih  srvHlnmene:  ocmrs  at  Rabenstein.  near  Zwie- 
sel,  in  liavarla:  Kcilyr,  ^'inland:  Norwich.  Mas«i.:  Peru.  Me  :  Grafton.  N.  H  Named 
from  Jl*}'^'l'[\rMfoUl,  and  4,vXv,  family,  in  allusion  to  its  containinc  tbn^e  pbo«phate«. 

LitfiU^hiUU  iKivMvn  at  Branchville,  Fairfield  Co..  Conn.,  in  a  vein  of  alMtic  granite,  with 
spodumene,  manganese  phosphates,  etc. ;  also  at  Norway.  Me.  Named  from  lithium  and 
ipiXtfi,  fruiiM. 

NatrophlUte.     NaMnPO^.     Near    triphylite    in    form.     Cliieflv    massive.    Heavable. 

?i 7/1'  7;    '*  =  ^'^^'    ^^^^^  ^^P  wine-yellow.    Occurs  sparingly  at  Branchville.  Fkir- 
field  Co.,  C^onn. 

Beryllonlte.  A  phr^sphate  of  sodium  and  beryllium.  NaBePO*.  Crystals  short  pris- 
matic to  tabular,  orlhoriiombic.  H.  =  5'5-6.  G.  =  2-845.  Luster  vitreous;  on  c  nearly. 
Colorless  to  wldte  or  pale  yellowish.    From  Sloneham,  Maine. 


PHOSPHATES,  ARSENATES,  ETC. 
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General  formula 
Apatite 

Pyromorphite 

Mimetite 

Yanadinite 


Apatite  Group. 

R.(F,C1)[(P,A8,V)0J.  =  (R(F,C1))R,[(P,A8,V)0J.; 

(CaF)Ca,(PO  J,        Fluor-apatite  i  =  0-7346 

Chlor-apatite 


or  (CaCl)CX(POJ, 
(PbCl)Pb,(PO,) . 
(PbCl)Pb,(A80J, 
(PbCl)PK(VOJ, 


0-7362 
0-7224 
0-7122 


Id  addition  to  the  above  species,  there  are  also  certain  intermediate  compounds  contain- 
ing lead  and  calcium;  others  with  phosphorus  and  arsenic,  or  arsenic  and  vanadium,  ais 
noted  beyond.  Further  the  rare  calcium  arsenate,  Svabite,  also  seems  to  belong  in  this 
group. 

The  species  of  the  Apatite  Group  crystallize  in  the  hexagonal  system^ 
but  all  show,  either  by  the  subordinate  faces,  or  in  etching-figures,  that  they 
belong  to  the  pyramidal  group  (p.  71).  They  are  chemically  phosphates, 
arsenates,  vanadates  of  calcium  or  lead  (also  manganese),  with  chlorine  or 
fluorine.  The  latter  element  is  probably  present  as  a  univalent  radical 
CaF  (or  CaCl),  etc.,  in  general  RF  (or  RCl),  replacing  one  hydrogen  atom  in 

the  acid  R. (PO  J „  so  that  the  general  formula  is  (RF)R,(PO,).,  and  similarly 
for  the  arsenates.  This  is  a  more  correct  way  of  viewingr  tlie  composition  than 
the  other  method  sometimes  adopted,  viz.,  3R,(P0 J,.RF„  etc. 


APATITZI. 

Hexagonal-pyramidal.    Axis  d  =  0*7346. 

933.  934.  936. 
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er,  0001  A  1012 
rx,  0001  A  1011 
cy.  0001  A  2021 
rr',   1012  A  0112 


22*  59'.  aar',  1011  A  0111 

40'  18'.  m'.  1121  A  1211 

59*  29'.  ffi/i,  1010  A  2131 

22**  81'.  m8,    1010  A  1121 


37*  441'. 
48"  60'. 
80"  2^. 
44"  17'. 


937. 


Crystals  varying:  from  long  prismatic  to  short  prismatic  and  tabular.  Also 
globular  and  reniform,  with  a  fibrous  or  imperfectly  columnar  structure; 
massive,  structure  granular  to  compact. 

Cleavasre:  c  imperfect;  m  more  so.  Fracture  conchoidal  and  uneven. 
Brittle.  H.  =  5,  sometimes  4*5  when  massive.  G,  =  3 -17-3 '23  oryst.  Luster 
vitreous,  inclining  to  subresinous.  Streak  white.  Color  usually  sea-green, 
bluish  green;  often  violet-blue;  sometimes  white;  occasionally  yellow,  pray, 
red,  flesh-red  and  brown.  Transparent  to  opaque.  Optically  — .  Birefrin- 
gence low.     coj  =  1-6461,  €j  =  1*6417. 
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Var.— 1.  Ordinary.  Crystullized,  or  cleavable  and  granular  massive.  Colorless  to 
green,  blue,  yellow,  tlesb-red.  (a)  Tbe  (uparagus-stone,  origiually  from  Murcia,  Spaiu,  is 
yellowisli  greeu.  Moroxite,  from  Arendul,  is  in  greenish  blue  nnd  bluish  crystals,  {b) 
LasurapatiU  is  a  sky-blue  variety  with  lapis-lazuli  in  Siberia,  (e)  Francolite,  from  Wheal 
Franco,  near  Tavistock,  Devonshire,  occurs  iu  small  crystalline  stalactitic  masses  and  in 
minute  curving  crystals. 

Ordinary  apatite  \%  fluar-ctpatUe,  containing  fluorine  often  with  only  a  trace  of  chlorine, 
up  to  0  5  p.  c. ;  rarely  chlorine  preponderates,  and  sometimes  fluonne  is  entirely  absent. 

2.  Manganapatits  contains  manganese  replacing  calcium  to  10-5  p.  c.  MuO;  color  dark 
bluish  green. 

3.  Fibrous,  concretionary,  stalactitic,  PhospJuyrite  includes  the  tibrous  concretionary 
and  partly  scaly  miuenil  from  Estremadura,  Spaiu,  and  elsewhere.  Eupyrchrdte,  from 
Crown  Point,  l5.  Y.,  belongs  here;  it  is  concentric  in  structure.  Staffelite  occurs  incriist- 
ing  the  phosphorite  of  Sta&el  in  botryoidal,  reniform,  or  stalactitic  masses,  fibrous  aud 
radiating.     See  p.  499. 

4.  Earthy  apatite;  Ostsolite.  Mostly  altered  apatite  ;  coprolites  are  impure  calcium 
phosphate. 

Comp. — For  Fluor-apatite  (CaF)Ca^(PO,), ;  and  for  CJilor -apatite 
(CaCl)  Ca,(POJ,;  also  written  3Ca,P,0,  +  CaF,  and  3CXP,0.  +  CaCl,. 
There  are  also  intermediate  compounds  containing  both  fluorine  and  chlorine. 
The  percentage  composition  for  these  normal  varieties  is  as  follows: 

Fluor  apatite    P^O*  42-3    CaO  55  5    F  38  =  101*6    or  Ca,PaO«  92  25    CaF,    7  75=100 
Chlor-apatite     P^O*  41  0    CaO  53  8    CI  68  =  1016    or  Ca,P,0.  894      CaCl,  10  6  =  100 

Fluor-apatite  is  much  more  common  than  the  other  variety;  here  belongs  the  apatite  of 
the  Alps,  Spain,  St.  Lawrence  Co.,  N.  Y.,  Canada.  Apatites  in  which  chlorine  is  prom- 
inent are  rare;  this  is  true  of  some  Norwegian  kinds. 

Pyr.,  etc.— B.B.  in  the  forceps  fuses  with  difticulty  on  the  edges  (F.  =  4-5-5),  coloring 
the  flame  reddish  3'ellow;  moistened  with  sulphuric  acid  and  heated  colors  the  flame 
pale  bluish  green  (phosphoric  acid);  some  varieties  i*eart  for  chlorine  with  salt  of  phos- 
phorus, when  the  bead  has  been  previously  saturated  with  copper  oxide,  while  others  give 
fluorine  when  fused  with  this  »dt  iu  an  open  glass  tube.  Gives  a  phosphide  with  the 
sodium  test.  Dissolves  in  hydrochloric  nnd  nitric  acids,  yielding  with  sulphuric  acid  a 
copious  precipitate  of  calcium  sulphate;  the  dilute  nitric  acid  solution  gives  with  lead 
acetate  a  white  precipitate,  which  B.B.  on  charcoal  fuses,  giving  a  globule  wiih  crystalline 
facets  on  cooling.     Some  varieties  of  apatite  phosphoresce  on  healing. 

Diflf.— Characterized  by  the  common  hixngonnl  form,  hut  softer  than  beryl,  being 
scratched  by  a  knife;  does  not  effervesce  in  acid  (like  calcite);  difficultly  fusible;  yields  a 
green  flame  B.B.  after  being  moistened  with  sulphuric  acid. 

Recognized  in  thin  sections  by  its  moderately  hijrh  relief:  extremely  low  birefringence 
(hence  not  often  showing  a  distinct  axial  figure  in  basal  sections),  the  interference  coloi^ 
in  ordinary  sections  scarcely  rising  above  gray  of  the  first  order;  parallel  extinction  and 
negative  extension ;  columnar  form;  lack  of  color  and  cleavage;  and  by  the  rude  cross  parting 
seen  as  occasional  cracks  crossing  the  prism. 

Obs.— Apatite  occurs  in  rocks  of  various  kinds  and  ages,  but  is  most  common  m  meta- 
morphic  rrvstalline  rocks,  especiallv  in  granular  limestone  and  in  many  metalliferous 
veins,  particularly  those  of  tin,  in  gneiss,  syenite,  hornblendic  gneiss,  mica  schist,  beds  of 
iron  ore:  occasionally  in  serpentine.  In  the  form  of  minute  microscopic  crystals  U  has  an 
almost  universal  distribution  as  a  rock-forming  mineral.  It  is  found  in  all  kinds  of  igneous 
rocks  and  is  one  of  the  earliest  product.s  of  crystallization.  In  larger  crystals  it  is  especially 
rhararteristic  of  the  peirmatite  facies  of  icneous  rocks,  particularly  the  granites,  and  occurs 
there  associated  with  quartz,  feldspar,  tourmaline,  muscovite.  beryl,  etc.  It  is  sometimes 
present  in  ordinarv  stratified  limestone,  beds  of  sandstone  or  shale  of  the  biliirian.  Carbon- 
iferons.  Jurassic,  Cretaceous,  or  Tertiary.     It  has  been  observed  as  the  petrifying  material 

of  wood.  „  ,  '      ^x,     TT 

Amonff  its  localities  are  Ehrenfriodei-sdorf  in  Saxony;  Schwarzen stein,  the  Knappen- 
ivand  in  Untersulzbachthal  in  the  Tyrol  ;  St.  Gothard,  Tavetsch,  etc  in  Switzerland; 
Mns<;a-Alp  in  Piedmont,  white  or  colorless:  Zinnwald  and  Schlackenwald  m  B()hemia:  in 
Enjrland  in  Cornwall,  with  tin  ores;  in  Cumberland,  at  Carrock  Fells;  in  Devonshire, 
c'onm-oolnred  at  Bovpy  Ti-ncev.  and  at  Wheal  Franco  (francolite).  The  asparagus  atone  or 
spargelstein  of  Jumilla.  iu  Murcia,  Spain,  is  pale  yellowish  green  in  color.     Large  quanli- 
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ties  of  apRlite  are  mined  Id  Norway  at  KragerO;  also  at  Odegaard,  near  Bumle,  and 
el  sew  he  re. 

In  Maiat,  OD  Long  Island.  Blue-hill  Bay.  In  N.  Hamp,,  Weslmoreland.  Iti  Matt,,  at 
NorwicU:  at  Boltou  abundaul.  Id  C^nn.,  at  Bruncbville  imaiiguTiapaiiU),  uleo  grei-aiaU 
while  and  colorless.  In  iVno  Fork,  common  iu  St.  Lawrence  Co..  in  granular  linieslone; 
Also  Ji-fferson  Co.;  3aadFord  mine.  Giwl  Muriali,  Essex  Co..  id  mneuetite;  near  Sdeuviitu, 
Orsuge  Co  Id  Fenn.,  at  Lelpervllle,  Delaware  Co.;  in  Clieslt-r  Co.  Iu  iP.  Caroliiui,  ot 
tSlouy  Point,  Alexander  Co..  etc. 

Ill  extensive  lieda  in  Ibe  Laureatlan  gneiss  of  CiinBda,  usually  associated  with  limestone, 
and  iiccompauied  by  pyroxeua.  ompbiljole,  titiinite.  zircon,  giiruei,  vusuvianiie  and  tuauy 
other  specitrs.  Promiuent  mines  are  iu  Ottawa  Couuty.  Quebec,  iu  (be  tonuabips  uf  Buck- 
iugliiim,  Tetnplelou,  PortlBod.  Hull,  and  Wakefield.  Also  iu  lienri-ew  county,  Ontario, 
and  iu  Lan:irk.  Leeds,  nud  Frouleuuc  couulies. 

Apaliie  was  uamed  by  Werner  from  d-naiaeiy,  to  deeeivt,  older  miuemlogisls  baring 
referred  it  lo  aquamariDe,  cbrysolite,  ametbyst,  Uuor,  scborl.  etc. 

Besides  tlie  deflulte  mineral  photp!ia(e».  including  normal  apatite,  pbospborite.  eic, 
there  are  also  extensive  deposits  ol  amorphous  phosphates,  consisting  largely  of  "bona 
pliosphnte  "  (CbiPiO,),  of  great  economic  importiiuce,  ibougb  uot  having  a  deUnile  cbemi. 
<;hI  compi>sltion  and  hence  not  strictly  belouglug  to  pure  mineralogy.  Here  beluug  the 
.  pluwpliaiic  nodules,  coprolites,  boue  beds,  guano,  etc,  Kxiensive  pliosphatic  deposits  also 
occur  in  Morlh  Carolina,  Alabama  and  Florida.  Quauo  is  bone  phosphate  of  lime,  mixed 
viib  the  hydrous  phosphates,  aud  generally  with  some  calcium  carbouale,  and  ofteu  a 
little  magnesia,  alumina,  IroD.  silica,  gypsum  aud  other  impurities. 

STAffELtTis,  A  carbonated  calcium  phospbale.  Occurs  iucrusting  the  phosphorite  of 
Slaffel,  In  bolryoidnl  or  sialactltic  masses,  fibrous  and  radiating;  it  Is  the  result  ol  the 
action  of  carbonated  waters.  H.  =4.  G.  =  3128.  Color  leek  to  dark  green,  greenish 
yellow.    DahlliU,  from  Bamle,  Norway,  is  similar. 

PTROMORPHTTB.     Qreen  Lead  Ore.     OrQnblelerz  Qerm. 
Hexagonal-pyramidal.     Aiie  i  =  07363. 

Crystals  prismatic,  ofteii  in  rounded  barrel -shaped  forma;  also  in  branch- 
ing groups  of  prismatic  crystals  in   neai-ly  parallel   position, 
tapering  down  to  a  slender  point.     Often  globular,  reniform, 
and   botryoidal   or  verruciform,  with    uaually   a  subcolumnar 
fltru'^ture;  aUo  fibrous,  aud  granular. 

Cleavuge  :  m,  z  (lOll)  in  traces.  Fracture  subconchoidal, 
nncven.  Urittle.  H".  =  3-5-4.  G.  =  6-5-7-1  mostly,  when 
pure;  5'9-6.'»,  when  containing  lime.  Luster  resinous.  Color 
green,  yellow  and  brown,  of  different  shades;  sometimes  wax- 
yellow  and  fine  orange-yellow  ;  also  grayish  white  to  milk- 
wliite.  Streak  white,  sometimes  yotlowish.  Snbtrans parent  to 
subtranalucent.     Optically  — . 

Var.— 1,  Ordirutrg.    (a)  In  e>}/tUiU  as  descrilted  :  sometimes  yellow  and 
in  roundi:d  forme  resembling  campylite  ip$»ttdo-rampi/liU),    (i)  In  aeietilar 
itiid  mou-like  aggregations,     (c)  CoafTetion-iry  groups  or  masses  of  crys- 
tals,  having    tiie    surface    augular.      {di  Foroit*.      (t)  Granular   mauwt. 
In  crusting. 

2.  Poli/tpliarile.  Containing  lime:  color  brown  of  different  shades,  yellowish  gray, 
pale  yellow  lo  nearly  while;  streak  white;  G.  =  a-69-fl44.  Barely  iu  separate  cryslau; 
usually  ''I  groups,  globular,  mammillary,  verruciform.  Mimlt.  from  Mies  Iri  Bohemia,  U 
ft  brown  variety.  NnaieriU  is  similar  and  impure,  from  Nussl^re,  near  Beaujeu.  Prance: 
color  yellow,  greenish  or  grayish;  G.  =  8042.  S.  Chromyferovt;  color  brilliant  red  and 
orange,  4.  ArMntferoui;  color  green  to  white;  G.  =  A  5-66.  5.  Fkeudonwrphout ;  (a) 
after  galena;  (b)  cenisslte. 

Comp.— {PbGl)Pb,(PO,),  or  also  written  3Pb,P,0..PbCI  =  Phosphoma 
pento:tide  l.'rT,  lead  protoxide  82'3,  chlorine  2'6  =  1005,  or  Lead  phosphate 
897,  lead  chloride  lOS  =  100. 
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The  phosphorus  is  often  replaced  by  arsenic,  and  as  the  amount  increases  the  species 
passes  into  mlmetite.    Calcium  also  replaces  the  lead  to  a  considerable  extent. 

Pyr.,  etc. — In  the  closed  tube  gives  a  white  sublimate  of  lead  chloride.  B.B.  in  the 
forceps  fuses  easily  (F.  =  1*5),  oolonug  the  flame  bluish  green;  on  charcoal  fuses  without 
reduction  to  a  globule,  which  on  cooling  assumes  a  crystiUline  polyhedral  form,  while  the 
coal  is  coated  white  from  chloride  and,  nearer  the  assay,  yellow  from  lead  oxide.  With 
soda  on  charcoal  yields  metallic  lead;  some  varieties  contain  arsenic,  and  give  the  odor  of 
garlic  in  R.F.  on  charcoal.  With  salt  of  phosphorus,  previously  saturated  with  copper 
oxide,  gives  an  azure-blue  color  to  the  flame  when  treated  in  O.F.  (chlorine).  Soluble  io 
nitric  acid. 

Dift — Distinguished  by  its  hexagonal  form;  high  specific  gravity;  resinous  luster; 
blowpipe  characters. 

OiM.— Pyromorphite  occurs  principally  in  veins,  and  accompanies  other  ores  of  lead. 
At  Poullaouen  and  Huelgoet  in  Brittany;  at  2«schopau  and  other  places  in  fikixony;  at 
Pfibnim,  Bleistadt,  in  Bohemia;  in  fine  crystals  nt  Eras,  Braubach,  in  Nassau:  also  at 
Dernbach  in  Nassau;  Berezov  in  Siberia;  in  the  Nerchinsk  mining  district;  Cornwall, 
green  and  brown;  Devon,  gray;  Derbyshire,  green  and  yellow;  Cumberland,  golden 
yellow,  in  Enfflund;  Leadhflls,  red  and  orange,  in  Scotland. 

In  the  U.  ».,  has  been  found  very  fine  at  Fhenixville,  Pa.;  also  In  Maine,  at  Lubec  and 
Lenox;  in  New  York,  a  mile  south  of  Sing  Sing;  in  Davidson  Co.,  N.  C,  also  in  Cabarrus 
and  Caldwell  Cos. 

Named  from  nvp,  fire,  fiop0?^,  form,  alluding  to  the  crystalline  form  the  globule 
assumes  on  cooling.    This  species  passes  into  mimetite. 

BCXXIXITiTB. 

Hexagonal-pyramidal.    Axis  6  =  0*7224. 

Habit  of  crystals  like  pyromorphite;  sometimes  rounded  to  globular  forms. 
Also  in  mammillury  crusts. 

Cleavage  :  z  (lOll)  imperfect.  Fracture  uneven.  Brittle.  H.  =  3-5* 
6.  =  7 •0-7*25.  Luster  resinous.  Color  pale  yellow,  passing  into  brown; 
orange-yellow;  white  or  colorless.  Streak  white  or  nearly  so.  Subtrans* 
parent  to  translucent. 

Var. — 1.  Ordinary,  (a)  In  crystals,  usually  in  rounded  aggregates,  {b)  Capillary  or 
filamentous,  especially  marked  in  n  variety  from  St.  Prix-sous-Beuvray,  France :  somewhat 
like  asbestus,  and  straw-yellow  in  color,    (e)  Concretionary, 

Campyliie,  from  Drygill  in  Cumberland,  has  G.  =  7*218.  and  is  in  barrel- shaped 
crystals  (whence  the  name,  from  Ka/jitvXoS,  curved),  yellowish  to  browu  ami  brownish 
red;  contains  3  p.  c.  PaOs.  « 

Comp.—(PbCl)Pb,(A80 J,,  also  written  3Pb,A8,0,.PbCl  =  Arsenic  pent- 
oxide  23*2,  lead  protoxide  74*9,  chlorine  2*4  =  100*5,  or  Lead  arsenate  90*7,. 
lead  chloride  9*3  =  100. 

Phosphorus  replaces  the  arsenic  in  part,  and  calcium  the  lead.  Endlichite 
(p.  501)  IS  intermediate  between  mimetite  and  vanadinite. 

Pyr..  etc. — In  the  closed  tube  like  pyromorphite.  B.B.  fuses  nt  1,  and  on  charcoal 
irives  in  R.F.  an  arsenical  odor,  and  is  easil}'  reduced  to  metallic  lead,  coating  the  coal  at 
first  with  lead  chloride,  and  later  with  arsenic  trioxidc  and  lead  oxide.  Gives  the  chlcTine 
reaction  as  under  pyromorphite.     Soluble  in  nitric  acid. 

Obs. — Occurs  near  Redruth  and  elsewhere  in  Cornwall;  Beer  Alston,  Devonshire; 
in  Cumberland;  near  Pontgibaud,  Puy-de-Dome;  at  JohnnnG:eorgeustndt.  in  tine  yellow 
crystals;  at  Nerchinsk,  Siberia;  at  Zinnwald;  L&ngban,  Sweden;  at  the  Brookdale  mine» 
Phenixville,  Pa. 

Named  from  mprjrrfi,  imitator,  it  closely  resembling  pyromorphite. 

VANADINITX2. 

Hexagonal-pyramidal.    Axis  6  =  0*7122. 

Crystals  prismatic,  with  smooth  faces  and  sharp  edges;  sometimes  cavern- 
ous, the  crystals  hollow  prisms;  also  in  rounded  forms  and  in  parallel  group* 
ings  like  pyromorphite.     In  implanted  globules  or  incrustations. 
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Fractnre  uneTen,  or  flat  concboidal.     Brittle,     H.  =  3*75-3.     G.  =  6'66- 
7*10.     Luster  of  surface  of  fracture  resinous.     Color  deep  ruby-red,  light 
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brownish  yellow,  straw-yellow,   reddish  brown.     Streak  white  or  yellowish. 
8ubtranBlucent  to  opaque. 

Comp.— (PbCl)Pb.(VO.),,  also  written  3Pb,V.0..PbCl.  =  Vanadium  pent- 
oxide  19-4,  lead  protozide  78-T,  chlorine  2-5  =  1006,  or  Lead  vanadate  90-2, 
lead  chloride  9-8  —  100. 

Phosphorus  is  sparingly  present,  also  sometimes  arsenic,  both  replacing 
vanadium.     In  endlichite  the  ratio-of  V  :  As  =  1  :  1  nearly. 

Pyr..  etc, — lu  tlie  closeil  lube  decrepllates  sad  yields  a  fuiut  nbllc  RUblfmale.  B.B.' 
fuses  easily,  nud  oa  cbsrcnnl  lo  a  black  lustrous  raass.  wbicii  iit  R.F.  yields  metallic  lead 
anil  a  coating  of  lund  Gilo  ride;  nftei'  cooipletelj  oxidizing  [be  lead  in  O.F.  tbe  black 
nsfdiie  Elves  with  salt  or  phosphorus  ua  emerald -greeo  bead  iu  R.F.,  whicb  becomes  ligbl 
vellow  Ml  O.F.  Gives  the  chlorioe  reoctiou  with  Ibe  copper  test.  Decomposed  by 
liydrochloric  acid. 

Obi, — First  discovered  at  Zlinnpsu  in  Mexico.  Later  obtained  at  Wanlockhead  In 
Dumfriesshire;  also  at  Berezov  In  the  Ural,  with  pyroniorpbite;  and  near  Ksppel  In 
Carliitbi]!,  iti  crystals;  at  UiideiilLs.  BOlet.  Sweden,  In  the  Sierra  ile  Cordoba,  Argeatioe 
Kepublic. 

Iu  till-  U  Stales,  sparingly  near  Slog  Slog,  N.  Y.  Abundant  In  tbe  mining  regions  of 
AHboiiu  a^id  New  Mexico,  often  aagocTated  w!tb  wulfenlte  and  MescloiKlte;  in  Arizona,  at 
tbe  miDe»  In  Yuma  Co.,  in  brillipiat  deep  red  crystals;  Vulliire,  Phienli,  etc.,  in  Maricopa 
Co.;  the  Mtimmotb  gold  mine,  near  Oracle.  Plual  Co.  In  New  Mexico,  at  Lnke  Valley, 
Sierra  Co.  {twUiMU);  aud  tbe  Miuibres  mines  near  Georgetown. 

Hbdtfuahe.  From  L&ngbau.  Sweden;  bns  ordinarily  been  Inchided  ns  a  calcium 
variety  ot  mimetite.  but  is  now  made  monocllnic.  Massive,  cleavable.  Color  yellowish 
white. 

Svabita.  A  calcium  arsenate,  related  to  the  specie*  of  the  Apatite  Group.  Crystals 
hexagonal  prisms;  colorless;  i  =  0-7143.  H.  =  B.  G.  =  3-S2.  From  the  Harstlg  mine, 
Pajsberg,  bwoden. 


Wagnerlte  Group.     Monoclinic. 


Wagnerite 
Triplite 


Tilasite 
Sarkinitfl 


(MgF)MgPO. 

(RF)RPO„  R  =  Fe  :  Mn  =  I 
Triploidite  (ROH)RPO.,  R  =  Mn  :  Fe  = 
Adelite  (MgOHjCaAsO. 

(MgF)GaAsO. 

(MnOH)MnA80, 


1-9145  : 

1 : 1,  etc. 

1-8572  : 

8-1978  : 


:i  0 

:  1-5059;  71°  53' 


:  1-4925;  71"  46' 
:  1-5642;  73°  15' 


2-0017  : 1 : 1-5164;  G2°  13^' 
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Phosphates  (and  arsenates)  of  magnesinm  (ealchim),  iron  and         ^_ 
containing  fluorine  (also  hydrozyl).    Fonnnla  B^PO«  or  (RFjRPO^  e^ 


Monoclinic.  Axes,  see  p.  50L  CfyBtals  sometimes  large  and  coarse.  Alm> 
massiTe. 

CleaTue:  a,  m  imperfect;  e  in  traces.  Fracture  nneven  and  splintery. 
Brittle.  H.  =  5-5-5.  G.  =  3-07-3-14.  Lnster  ritreoos.  Streak  white. 
Color  yellow,  of  different  shades;  often  grayish,  also  flesh-red,  greenidi. 
Translucent. 

Cesif.— A  flno-phosphate  of  magnesium,  (MgF)MgPO«  or  Mg,P,O^MgF, 
=  Phosphorus  pentozide  43*8,  magnesia  49-3,  fluorine  LI'S  =  104*9.  deduct 
(O  =  2F)  4-9  =  100.    A  little  calcium  replaces  part  of  the  magnesium. 

Pjr.,  etc. — B.B.  in  the  forceps  futei  at  4  to  s  grecnS&b-gimy  ^Isss;  moittcned  witk 
salpburic  sckl  cokpn  the  flame  bluub  green.  With  bwmz  reacu  for  iron.  On  f  osioo  wiik 
■ods  eflerreBCes,  bat  Is  not  ocimpletely  diHolTed:  gf^et  s  faiut  mmnganeae  reaction.  Fused 
with  salt  of  pbciaplionu  In  an  open  glass  tobe  reacts  for  fluorine.  ScHuble  in  nitric  and 
hydrochloric  acids.    With  sulphuric  add  erolTes  fumes  of  hydrofluoric  acid. 

ObB.—  WaaneriU  (io  small  highly  modified  crjrsials)  occurs  in  tlie  Taller  of  HMlen- 
graben.  near  Werfeo,  in  Salzburg,  Austria.  SjenUJUu  (massiTe.  deavable;  also  in  ooaiae 
crystsls)  Is  from  KJOrrestad,  near  Bamle,  Norway. 

Spodioaito.  A  calcium  fluo-phosphnte,  perhaps  (GaF)0iP04.  In  flattened  prismatic 
crystals.    G.  =  2-94.    Color  ssh-giay.    From  the  Krangnifva.  Wermland,  Sweden. 


Monoclinic  Massiire,  imperfectly  crystalline.  Cleavage:  unequal  in  two 
directions  perpendicular  to  each  other,  one  much  the  more  distinct.  Fracture 
small  conciioidal.  II.  =  4-5*5.  G.  =  3"44-3-8.  Luster  resinons,  inclining  to 
adamantine.  Color  brown  or  blackish  brown.  Streak  yellowish  gray  or 
brown.     SubtranHlucent  to  opaque. 

Comp^  Van— (KF)KPO  or  R,P^,.RF,  with  R  =  Fe  and  Mn,  also  Ca  and 
Mg.  The  ratio  varies  widely  from  Fe  :  Mn  =  1  :  1  to  2  :  1  (zwieselite);  1:2; 
1:7. 

Talktriplite  U  a  variety  from  Horrsjdberg;  contaiDS  magDesium  and  calcium  in  large 
amount. 

Pyr.,  etc. — B.B.  fuses  easily  nt  15  to  a  black  magnetic  globule:  moistened  witb 
sulphuric  acid  colors  the  flame  bluish  green.  With  b<3rax  in  O.F.  f^ives  an  nmeihystinc- 
colorcd  glans  f manganese);  in  R. F.  n  strong  reactiou  for  iron.  With  sotin  reacts  for 
manganew*.    With  sulphuric  acid  evolves  bydroHuoric  acid      Soluble  in  hydrochloric  acid. 

Obs.— P^ound  by  Alluaud  at  Limoges  in  France;  Helsingfors,  Finland:  Stoneham. 
Maine;  Branch ville,  Conn.  ZicUseliU,  a  clove-brown  variety,  is  from  Uabenstein.  near 
ZwicH<;l  in  Bavaria. 

Orii'IIITE.  a  problematical  phosphate  related  to  triplite  occurring  in  embedded  reni- 
form  masses.    From  the  Riverton  lode  near  Harney  City,  Pennington  Co.,  S.  I>:ikota. 

Triploidita.  Like  triplite,  but  with  the  F  replaced  by  (OFI).  Commonly  in  crystalline 
aggregates.  Fibrous  to  columnar.  H.  =  4*5-5.  G.  =  3*697.  Color  yel.owish  to  reddish 
brown.     From  Branch  ville,  Fairfield  Co.,  Conn. 

Adelite.  (MgOIIK'aAsO^.  Monoclinic.  Axes,  see  p.  501:  also  map.<sive.  H.  =  5.  G.  = 
8  74.     Color  gray  or  grayish  yellow.     From  Nordmark  and  L&ngban,  Sweden. 

Tilasite.     Like  adelite,  but  contains  tluorine.     From  L&ngban. 

Sarkinite.     (MnOII)MnA804.     In  monoclinic  crystals:  al=o  in  spherical  forms.     G.  ^ 
4  17.     Color  rose-red.  fiesh-red.  reddish  yellow.     From  the  iron-mnnganese  mines  of  Pujs 
berl,^  Sweden.     Polyarsenite  from  the  *Sj5  mine,  Grythyttc  parish,   Orebro.  Sweden,  is 
eascntially  the  same. 
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Herderite.  A  fluo-phospbate  of  beryllium  and  calcium,  (CaFjBePO*  wiib  (CuOfi)BeP04. 
lu  prismntic  crystals,  moDoclinic  witb  complex  twinuing.  H.  =  5.  G.  =  2*99-8*01. 
Luster  vitreous.  Color  yellowisb  and  sreeuisb  white.  From  tbe  tiu  miues  of  Ebren- 
friedersdorf,  Saxony;  also  at  Stoueham,  Auburn  and  Hebron,  Maine. 

Hamlinite.  A  basic  pbospbate  of  aluminium  and  strontium.  In  colorless  rliombohedral 
crystals.  H.  =  4*5.  Q.  =  a*16-3*28.  Occurs  witb  berderite,  bertiandile.  etc.,  at  Slone- 
ham,  Maine. 

Durangite.  A  fluo-arsenate  of  sodium  and  aluminium,  Na(AlF)As04.  In  mouoclinic 
crystals.     G.  =  8-94-4  07.     Color  orange-red.    From  Durango,  Mexico. 

AMBLTOONITE.     Hebronite. 

Triclinic.  Crystals  large  and  coarse  (Fig.  20,  p.  10) ;  forms  rarely  distinct. 
Usually  cleavable  to  columnar  and  compact  massive.  Poly  synthetic  twinning 
lamellae  common.  j 

Cleavage:  c  perfect,  with  pe*ly  luster;  a  somewhat  less  so,  vitreous; 
e  (03l)  sometimes  equally  distinct ;  M  (110)  difficult;  ca  =  75°  30',  ce  =  74° 
40',  cif=  92°  20'.  Fracture  uneven  to  subconchoidal.  Brittle.  H.  =  6. 
6.  =  3'01-309.  Luster  vitreous  to  greasy,  on  c  pearly.  Color  white  to  pale 
greenish,  bluish,  yellowish,  grayish  or  brownish  white.  Streak  white.  Sub- 
transparent  to  translucent. 

Comp.  —  A  fluo-phosphate  of  aluminium  and  lithium,  Li(AlF)PO^  or 
AlPO^.LiF  =  Phosphorus  pentoxide  47'9,  alumina  344,  lithia  10  1,  fluorine 
12*9  =  105-3,  deduct  (0  =  2F)  5-3  =  100.  Sodium  often  replaces  part  of  the 
lithium,  and  hydroxyl  part  of  the  fluorine. 

Pyr.,  etc. — In  tbe  closed  tube  yields  water,  wbich  at  a  higb  beat  is  acid  aud  corrodes 
the  glass.  B.B.  fuses  easily  (at  2)  with  iutumescence,  and  becomes  opuque  wbiie  on  cooling. 
Colors  tbe  flame  yellowisb  red  with  traces  of  greeu;  the  Hebron  variety  gives  un  itileuse 
litbia-red;  moistened  witb  sulphuric  acid  gives  a  bluish  green  to  tbe  flame.  With  bornx 
and  salt  of  phosphorus  forms  a  transparent  colorless  glass.  In  flue  powder  dissolves  easily 
in  sulphuric  acid,  more  slowly  in  hydrochloric  acid. 

IXff — Distinguished  by  its  easy  fusibility  and  by  yielding  a  red  flame  B.B.,  from  feld- 
spar, barite.  calcite,  etc.;  also  by  the  acid  water  in  the  tube  from  spodumeDc. 

Oba. — Occurs  near  Penig  in  Saxony:  Arendnl,  Norway;  Montebras,  Creuze,  France. 
In  the  U.  States,  in  Maine,  at  Hebron:  also  at  Paris,  Peru,  etc.;  Brauchville,  Conn. 

The  name  aviblygoniU  is  from  a/z^At  5,  blunt,  and  yuvv,  angle. 

B.   Basic  Phosphates. 

This  section  includes  a  series  of  well-characterized  basic  phosphates,  a 
number  of  which  fall  into  the  Olivinite  Group.  Acid  phosphates  are  rej)re- 
sented  by  one  species  only,  the  little  known  monetite,  probably  IlCarO,, 
see  p.  507. 

OHvenite  Group.     Orthorhombic. 

a  \l  :  6 
Olivenite  Cu,(OH)AsO,  09396  :  1  :  0-6726 

Libethenite  Cu,(OH)PO,  0-9601  :  1  :  07019 

Adamite  .  Zn,(OH)AsO,  0*9733  :  1  :  0-7158 

Descloizite  (Pb,Zn),(OH)VO, 

dil\d  =  0-6368  :  1  :  08045  or  \ail\t  =  09552  :  I  :  08045 
Cuprodescloizite  (Pb,Zn,Cu),(OH)VO, 

The  Olivenite  Group  includes  several  basic  phosphates,  arsenates,  etc.,  of 
copper,  zinc,  and  lead,  with  the  general  formula  (ROH)RPO.,(ROn)RAsO„ 


M4 


etc.    TheT  crrsulliae  in  th*  onhoriMMBfaie 
be  noted  tluU  chu  poap  oomqionds  in  a 
Group,  p.  501,  vhich  ilao  indadei  bane 


Orthorhombic    Asm  i  :  S  :  ^  =  0^96  :  1 :  O-^TS^ 


110  A  110  =  ar  ST. 

101  y  101  =  71'  114'. 


^,  oil  r  Oil  =  Cr  51'. 
«;  101  A  oil  =  «r  ST. 


m  h 


Crjrttals  priimatic,  of  ten  acicolar.  AIioglobiikrmndrenifcMvi, 
indistinctlT  fibrooj,  fibers  ftrmigfat  and  diTergenc,  rarelj  irr^nlar; 
alio  corred  lamellar  and  graniuar. 

Cleavage:  m,  h^  etOll)  in  tiaoeL  Fracture  oonckoidal  to 
nneren.  Brittle.  H.  =  3.  6.  =:  4*1-4'!.  Lnster  adamantine  to 
Titreous;  of  tome  fibroni  Tarietiet  pearly.  Color  Tariooa  shades  of 
olire-green,  pssoing  into  leek-,  siskin-,  pistachio-,  and  blackish 
green;  also  ijTer*  and  wood-brovn;  sometimes  straw- jellow  and 
grayish  white.    Streak  olire-green  to  brown.    Snbtransparent  to  opaque. 

Tar. — {a)  CrgtimUiud.  (6i  JBrwit/  finely  sod  diveripeDtlj  flbroiu.  of  gvmi,  j^dlow. 
brown  snd  grmy,  to  wUte  eolois^  with  the  surface  tomctioiei  vtlTeCT  or  acicniar;  found 
InTesUng  the  a>mmon  Yiriety  or  |wfng  into  it;  odied  wood-mpper  or  womd  angmmU.  (e) 
Burihy;  nodular  or  mavlTe;  sonetimes  toft  enough  to  soil  the  angers. 

Ceap.— Cn,As,0«.Cn(OH),  or  4CuO.As,0».H,0  =  Arsenic  pentoxide  40*7, 
cnpric  oxide  501,  water  3*2  =  100. 

Pyr,,  ate  —In  the  cloied  tube  gires  water.  B.B  fuses  at  3.  eolorine  the  flame  bluish 
green,  and  on  dpMnz  the  fused  mass  appears  crystalline.  B-R  on  ciiarooal  fuses  with 
ddbgration.  j^ves  offarsenlcal  fumes,  and  yields  a  metallic  arsenide  which  with  soda  yields 

a  g.oliuie  of  ropp<;r.     With  the  fluxes  reacts  for  copper.     SohiWe  in  nitric  Jicid. 

Obs  — Th^  crv^lallizf:^!  varieties  nccur  in  Cornwall,  at  vjirious  mines;  Tavistock,  in 
Devonnhirc;  in  fyrol;  the  lianat;  Xizhni  Ta^ilsi^  in  the  Ural;  Chili.  In  the  U.  S..  in 
Utah,  Hi  the  American  Eai^Ie  au'l  3Iariimoth  mines.  Tiniic  district,  both  in  crystals  and 
uof^fl-cop^ttr.    Tne  name  ohveoite  alludes  t-j  ihe  olive-greeo  color. 


LIBXTTHISNITXI. 

Orthorhombic.     Axes  n\l\k  =  0*9601  :*  I  :  O'TOIO. 

vim'",  no  /  no  =  sr  w.         u'",  in  a  lii  =  59'  a\', 
€^\     on  /  oh  =  70*  8'.         «#',  111  A  ill  =  er  47i'. 

In  orvfltals  u.sually  small,  short  prismatic  in  habit;  often 
unito'l  ill  'iruses.     Also  globular  or  reniform  and  compact. 

Cl^javage:  //,  h  very  indistinct.  Fracture  snbconchoidal 
to  uneven.  Brittle.  If.  =  4.  G.  =  3'6-3'8.  Luster  resinous. 
Oolor  olive-;(reen,  generally  dark.  Streak  olive -green.  Trans- 
lucent to  Hiihtraiislucent. 

Conip.  — C.i,P,0,Cu(On),  or    4CuO.P,O.H,0,  =  Phosphorus    pentoxide 

^^98,  cupric  oxide  OG-4,  water  3*8  =  100. 

Pyr.,  etc.— In  the  closed  tul)e  yields  wnter  and  turns  black.  B  B.  fuses  at  2  and  colors 
.th«5  llani«  frnHTiM  trnren.  On  chnrcoul  with  soda  gives  metallic  copper,  sometimes  also  an 
arwnicjil  iAov.  Funed  with  metallic  lead  on  charcoal  is  reduced  to  metallic  copper,  with 
the  forniulion  of  lend  phosphate,  which  treated  in  R.F.  gives  a  crystalline  polyhedral  bead 
on  i-ooliiiiT.     With  the  fluxes  reacts  for  copper.     Soluble  in  nitric  acid. 

Obi. -(>c(Mir.s  with  chalcopyrite  at  Libethen,  near  Neusohl.  Hungary;  at  Rheinbreiten- 
bac.)  and  Kill  on  the  Ubiue;  at  Nizhni  Tagilsk  in  the  Ural;  in  small  quantities  in  Cornwall. 
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Adamite.  ZmsAssOh  ZD(Oll)a  lu  .^mnll  crystals,  often  grouped  in  crusts  and  granular 
aggregulious.  H.  =  35.  G.  =  4*34-4 '^S.  Color  honey -yellow,  violet,  rose-red,  green, 
colorless.  From  Cbafiarcillo,  Chili;  Cup  Guronue,  Frunce;  at  ibe  ancient  zinc  mines  of 
lAuriou,  Greece. 

Descloizite.  li,V,O..R(OH),  or  4R0.V,0».H,0;  R  =  Pb,  Zn  chiefly,  and  usually  in 
the  ratio  1 :  1  upprox.  In  small  crystals,  often  drusy;  also  massive,  fibrous  radiated  with 
maramillary  surface.  H.  =  35.  G.  =  5*9-6'2.  Color  cherry-red  and  brownish  red,  to 
light  or  dark  brown,  black.     Streak  orange  to  brownish  red  or  yellowish  gray. 

From  the  Sierra  de  Cotdoba,  Argentina;  Kappel  in  Cannthia.  Abundant  at  Lake 
Valley,  Sierra  Co.,  New  Mexico,  also  near  Georgetown;  in  Arizona  near  Tombstone;  in 
Yavui)ai  Co.:  at  ihe  Mammoth  Gold  mine,  near  Oracle,  Pinal  Co. 

A  mashive  variety,  containing  copper  (6*5  to  9  p.  c),  in  crusts,  and  reniform  masses  with 
radiated  siriicture,  occurs  in  San  Luis  Potosi,  also  in  a  vein  of  argentiferous  galena  in 
Zacatc'cas,  Mexico;  it  has  been  variously  named  tritocfun^te,  etiprodeselomte,  ramiriU.  A 
similar  variety  (11  p.  c.  CuO)  occurs  as  an  incrustation  on  quartz  at  the  Lucky  Cuss  mine. 
Tombstone,  Cochise  Co.,  Arizona. 

EusTNCHiTE  may  be  identical  with  descloizite.  Massive:  in  nodular,  stalactitic  forms. 
G.  =  5596.  Color  yellowish  red,  reddish  brown,  greenish.  From  Hofsgrund  near  Frei- 
burg in  Baden.  The  same  may  be  true  of  araaxene  from  Dahn  near  Nieder*Schlettenbach» 
Rhenish  Bavaria. 

Dechenite.  Composition  usually  accepted  as  PbVaO*.  Massive,  botryoidal,  nodular. 
G.  =  6'6-5*81.  Color  deep  red  to  yellowish  red  and  brownish  red.  From  Nieder-Schlet- 
tenbach  in  the  Lauterthal,  Rhenish  Bavaria. 

Calciovolborthite.  Probably  (Cu,Ca)8V«0«.(Cu,Ca)(OH)j.  In  thin  green  tables;  also 
gray,  line  crysialliue  gninular.     From  Friedrichsrode,  Thuringia. 

Brackebuschite.  Near  descloizite  (monoclinic?).  From  the  State  of  Cordoba,  Ar- 
gentina. 

Psittacinite.  A  vanadate  of  lead  and  copper,  from  the  Silver  Star  District,  Montana. 
In  thin  coatings;  also  pulverulent.     Color  siskin*  to  olive-green. 

MoTTK AMITE.  A  Vanadate  of  lead  and  copper;  possibly  identical  with  psittacinite; 
in  velvety  black  incrustations.     From  Mottram  St.  Andrew's,  Cheshire,  England. 


OLINOOLASITX2.     Klinoklas.     Aphan^se. 
Monoclinic.     Axes  a  :h  :i  =  1-9069  :  1  :  3-8507;  /?  =  80**  30'. 

Crystals  prismatic  (m);  also  elongated  ||  i;  often  grouped  in  nearly  spherical 
forms.     Also  massive,  hemispherical  or  reniform;  structure  radiated  fibrous. 

Cleavage:,  c  highly  perfect.  Brittle.  H.  =  2-5-3.  G.  =  419-4-37;  4-37 
Utah.  Luster:  c  pearly;  elsewhere  vitreous  to  resinous.  Color  internally 
dark  verdigris-green;  externally  blackish  blue-green.  Streak  bluish  green. 
Subtransparent  to  translucent. 

Comp.— Cu,As,0..3Cu(0H),  or  6CuO.A8,Oj.3H,0  =  Arsenic  pentoxide 
30-3,  cupric  oxide  62*6,  water  7-1  =  100. 

Pyr.,  etc.  — S:ime  ns  for  olivenite. 

Obs.  -Occurs  in  Cornwall,  with  other  ores  of  copper.  In  Utah.  Tintic  district,  at  tl'C 
Mammoth  mine.     Named  in  allusion  to  the  basal  cleavage  being  oblique  to  the  sides  of  the 

prism. 

Erinite.  CusA9aOn.2CiifOH),  In  mammillnted  crystalline  groups.  Color  fine  emer- 
ald green.     From  Cornwall;  also  the  Tintic  district,  Utah. 

Dihydrite.  Cu3P,0«.2Cu(OH)t  In  dark  emerald-green  crystals  (monoclinic). 
II.  =  4'o-5.     G.  =  4-4-4.     From  Ehl  near  Linz  on  the  Rhine;  the  Ural.  etc. 

Pseudomalachite.  In  part  CusPsOa  8Cu(OH)9.  Mnssive,  resembling  malachite  in  color 
and  structure.     From  Rlieinbreitenbach:  Nizlmi  Tagllsk,  etc.     Ehlite  is  closely  allied. 

Ohondrarsenite.  Perhaps  MnsAi^^Ofi.BMnCOH)).  In  small  embedded  grains.  Color 
yellow  to  reddish  yellow.     From  the  Paj'^bere  mines.  Sweden. 

Xanthaksenite  Near  chondrnrsenitc*.  bnt  contains  more  water.  In  sulphur-yellow 
grains;  massive.     Prom  the  8j5  mine,  parish  of  Grythytte,  Sweden. 


506  DESCniPTIVE    MISEHALOOT. 

DnFRBNim.     Erau  r  i  1  e. 

Orthorhombic.  Crjetals  rare,  email  aod  iudistinct.  Uaaally  massive,  in 
nodules;  radiated  fibrous  with  drusy  surface. 

Cleavage:  a,  probably  also  6,  but  indistinct.  H.  =  3'5-4.  G.  =  33-3'4. 
Luster  silky,  weak.  Color  dull  leek-green,  olive-green,  or  blackish  greeii ; 
alters  on  exposure  to  yellow  and  brown.  Streak  Biskiu-green.  SubtranBluceut 
to  nearly  opaque.     Strongly  pleochroic. 

Comp.— Doubtfnl;  in  part  FePO..Fe(On),  =  2Fe,0,.P,0..3H,0  =  Phos- 
phorus peutoiide  27'5,  iron  aesquioside  62'0,  water  lO'S  =  100. 

Pyr.,  otc. — Same  «a  for  vivlaaite,  but  less  wsler  U  giveu  out  in  tbe  closed  tube.  B.B. 
fuses  easily  to  a  slag. 

Oba.  — Occurs  near  Anglar,  Dept,  of  Haute  Vieoiie,  and  at  Hirschberg  Id  Westpbalia; 
from  ibe  KoiblKufcben  niiue  near  Waldgirmes;  St.  Bcnigna,  Boliemiu;  East  Cumwall. 

lu  the  United  Slates,  at  AlleDtowu,  N.  J.i  la  Itock bridge  Co.,  Va.,  in  radiated  coaisely 
fibrous  maasea. 

IiAZULITB. 

Monoclinic:  Axes  (i  :  i  ;  d  =  09750  :  I  :  1-6483;  /?  =  89°  14'. 

944.  at.     100  A  101  =  30°  34".  «'.    Ill  A  ill  =  80°  SO". 

pp".   Ill  A  111  =  79°  40".  pt.    Ill  A  ill  =82°  30'. 

Crystals  usually  acute  pyramidal  in  habit.  Also  mass- 
ive, grantilar  to  compact. 

Cleavage;  prismatic,  indistinct.  Fracture  uneven. 
Brittle.  H.  =  5^6.  G.  =  3-057-3-122.  Luster  vitreous. 
Color  azure-blue;  commonly  a  fiue  deep  blue  viewed  along 
one  axis,  and  a  pale  greenish  blue  along  another.  StreaE 
white.     Subtranslucent  to  opaque. 

C»mp.~KAl,(OH),P,0,  or  aAIPO..(Fe.Mg)(OH),  with 
Fe  :  Mg(Ca)  =  I  :  12, 1  :  6,  1  :  2,  2  :  3  (Rg.).  For  1  :  2  the 
formula  requires:  Phosphorus  pentoiide  45'4,  alumina  32  6, 
iron  protoxide  T-T,  magnesia  8'5,  water  5-8  =  lUO. 
Pyr.,  etc.— It)  ilie  closed  tube  wbiieiis  and  yields  water.  B  B.  witli  cobalt  siilu (in d  ilie 
blue  color  of  Ihe  mineral  is  restored.  In  Ilie  forceps  n  bitens.  crucks  open,  swells  up,  aud 
wiilioiil  fusion  falls  to  pieces,  coloring  Ibe  llnme  blulsb  green.  The  green  color  Is  made 
more  intense  by  moistening  ibc  assay  witb  sulpburic  add.  Witli  the  duxes  gives  an  iron 
flasa;  with  soda  ou  charcoal  nn  infusible  mass.  Unacted  upou  byucids,  relaiuing  |«rfecl1y 
Its  blue  color. 

Obs.— Occurs  near  Werfen  lo  Snlzhurg:  Krieglaeli,  iu  Slyria;  also  Horrsjfiberg,  Swcdeu. 
Abundant  with  corundum  at  Crowder's   Ml.,  Gaslou  Co.,  N.  C;  and  on  Qravts  Mt., 
Lincoln  Co..  Gn..  with  cvanite.  rnlile,  etc. 

The  name  lazulite  is  deilved  from  an  Arabic  word,  atul,  meaaing  fie«*tn,  and  allndes  to 
the  color  of  the  uiineml. 

TaTlatockite.  ('ii,PjO,.2AI(0H)ii.  In  microscopic  acicular  crystals,  sometimes  stel- 
late gron|w,     Ciilnr  while.     From  Tavistock,  Devonshire. 

Olrrolite.  Perhaps  Cii,Al(PO,)..Al(OH)..  Compact.  G.  =3-08.  Color  pnle  yellow. 
Occurs  at  tlie  in^u  mine  :il  Weslnnfl.  in  Scnnia.  Sweden. 

Arsenioiidarite.  (■a,Fe(AsO.),.3Fe(OH)),  In  yeltowisb  brown  fibrous  concretions. 
G.  =  3'520.     From  RomanPche.  near  HScon ,  France;  also  at  Scbneeberg.  Saiony. 

AUacUta.  MniAs,0,.4Mn(0H),.  In  smidl  brownish-red  prismatic  cryslals.  Prora 
Ibe  Moss  mine,  Nordmark.  and  at  lAagbnii.  Sweden. 

Synadolphito.  2(Al.Mu)AsO^  5Mn(0H),.  In  prismatic  cryslals;  also  in  grftins.  G,  = 
3*4o-:i-.W.     Color  brownish  black  to  black.     From  the  Moss  mine,  Nordmark.  Sweden. 

Fliaklte.     MnAsO.,2.'HQ(OHl,.    In  ininnte  orthorhumhic  crystals,  tabular  |  t;  grouped 
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in  feather-like  aggregates.     6.  =  8*87.    Color  greenish  brown.    From  the  Harstig  mine» 
Pujsberg,  Sweden. 

Hematolite.  Perhaps  (Al,Mn)As04.4Mn(OH)t.  In  rhombohedral  crystals.  G.  ::= 
3*30-3  40.  Color  brownish  red,  black  on  the  surface.  From  the  Moss  miue,  Kordmark,. 
Sweden. 

Retzian.  A  basic  arsenate  of  the  yttrium  earths,  manganese  and  calcium.  In  ortho^ 
rhombic  crystals.  H.  =4.  G.  =  415.  Color  chocolate-  to  chestnut-brown.  From  the 
Moss  mine,  Nordmark,  Sweden. 

n  m  n  lu 

Arsenlopleite.  Perhaps  U,R,(0H)«(As04)«:  R  =  Mu,  Ca,  also  Pb,  Mg;  R  =  Mu, 
also  Fe.  Massive,  cleavable.  Color  brownish  red.  Occurs  at  the  8j5  mine,  Grythytta 
parish,  Sweden,  with  rhodonite  in  crystalline  limestone. 


Manganostibiite.  Hematostibiite.  Highly  basic  manganese  antimouates.  In  em* 
bedded  grains.  Color  black.  Manganastibute  occurs  at  Nordmark,  Sweden;  hematatiibiUe 
is  from  the  Sj5  mine,  Grythytte  parish. 

Atelestite.  Basic  bismuth  arsenate,  HaBitAsO*.  In  minute  tabular  crystals.  G.  =^ 
6*4.     Color  sulphur-yellow.     From  Schneeberg,  Saxony. 

C.  Normal  Hydrous  Phosphates,  etc. 

The  only  important  group  among  the  normal  hydrous  phosphates  is  the 
monoclinic  Vivianitb  Group. 

Stravite.  Hydrous  ammonium-magnesium  phosphate.  In  orthorhombic-hemimorphic 
crystals  (Fig.  307,  p.  96);  white  or  yellowish;  slightly  soluble.     From  guano  deposits. 

Oollophanite.  CaaPsOg  +  H9O.  In  layers  resembling  ^ymnite  or  opal.  Colorless  or 
snow-white.  From  the  island  of  Sombrero.  Monite  is  similar,  from  the  islands  Mona  and 
Moneta  in  the  West  Indies,  where  it  is  associated  with  monetUe,  HCaPOi,  occurring  in  yellow- 
ish-white  tricliuic  crystals. 

Pyrophobphorite.  MgiPaOr  +  4(Ca$Pi08  +  CaaPaOT).  Massive,  earthy.  Color 
snow-white,  dull.     From  the  West  Indies. 


Hopeite.  Probably  hydrous  zinc  phosphate,  ZnaPaOs  -f  H9O.  In  minute  prismatic 
crystals.  Also  in  reniform  masses.  G.  =  2*76-2*85.  Color  erayish  white.  Found  in 
cavities  in  calamine  at  the  zinc  mines  of  Altenberg,  near  Aix-la-Chapelle.  The  composition 
given  is  that  of  the  artificial  mineral. 

Dickinaonlte.  31i8P,Oa  -|-  HaO  with  R  =  Mn,  Fe,  Na,  chiefly,  also  Cn,  K,,  Li,.  In 
tabular,  pseudo- rhombohedral  crystals;  commonly  foliated  to  micaceous.  G.  =  8*888- 
3-343.     Color  olive-  to  oil-green,  grass-green.    From  Branchville,  Fairfield  Co.,  Conn. 

Fillowite.  Formula  as  for  dickinsonite  and  also  from  Branchville,  but  differing  in 
angle.  In  granular  crystalline  masses.  G.  =  8*43.  Color  wax-yellow,  yellowish  to  red- 
dish brown,  colorless. 


The  three  following  triclinic  species  are  related  in  composition  and  may  be  in  crystalline 
form. 

Roselite.  (Ca,Co.Mg)sAs908  +  2HaO.  In  small  crystals;  often  in  druses  and  spherical 
aggregates.     G.  =  3  5-3 "6.     Color  light  to  dark  rose-red.     From  Schneeberg,  Saxony. 

Brandtite.  CaaMnAsaOt  +  2HaO.  In  prismatic  crystals;  crystals  often  united  in 
radiated  groups.  G.  =  3-671-3*672.  Colorless  to  white.  From  the  Hnratig  mine,  near 
Pajsberg,  Sweden. 

Fairfieldite.  A  hydrous  phosphate  of  calcium  and  manganese,  CaaMnPaO*  -f  2HaO. 
In  prismatic  crystals;  usually  in  foliated  or  fibrous  crystalline  agf?regates.  G.  =  8*07-3*16. 
Color  white  or  greenish  white  to  pale  straw-yellow.  From  Branchville,  Fairfield  Co.,^ 
Conn.;  liabenstein,  BAYsritL  (leucomanganiU). 


Messelite.    (Ca,Fe)BPi08  +  2}HaO.   In  minute  tobular  crystals.    Colorless  to  brownish. 
From  near  Messel  in  Hesse. 


O06  DISCBIPTIVK  HIKEBALOOT. 

Httddlngil*.  UoiPiOd  +  8BiO.  In  ortborliomblcciTMtUa  near  woTodlte  In  angle;  mlao 
SmnuUr.    Q.  =8-103.    Color  pinkish  wblw  to  yellowUi  white.    From  BranchTllla,  Conn. 

Flon»ahannaooliU.  R.Aa.0.  +  BH.O.  with  R  =  Oa :  Hg  =  5 : 1.  In  null  apharical 
fomu.    Color  white.    From  Rtechebdorf;  Freiberg:  Joplln,  Ho. 

"niohalolt*.  CuiA«iO(  4- SHtO.  In  radiated  group*,  columnar;  dendritic  Color 
TerdlgrivgreeD,    From  the  Turginak  copper  mlno. 


ViTlanlte  Group. 

Monoolinio. 

TlTianlta 

re,P,0.  +  8H,0        H-.i-.l 

=  0-H98  : 1 : 07015 

/J  =  76°  34' 

SymplButo 

Fe.Aa.O.  -f  8H,0 

0-7806  : 1 : 0-6813 

72°  43' 

loblnrite 

Mg,l",0,  +  8H,0 

HornMito 

llg.As.O.  4-  8H,0 

Xrythrite 

Co.A.,0.  +  8H.0 
Ni.As.O,  +8H,0 

0-75     : 1:0-70 

76° 

•iiubanrlta 

(Mnilti 

(»ii.ME),A.,0  +8H,0 
Zn,As,0,  +  8H,0 

Xllttiglte 

The  TiTiAKiTR  Gbodp  iacladea  hydrons  phoaphates  of  iron,  maffnerionif 
«obalt,  nickel  and  sine,  all  with  eight  molecnles  of  water.  The  crfstfuliEation 
ia  monoclinio,  and  the  angles  so  far  as  known  coirespond  closel;. 


Monoclinic.  Crystals  prismatic  {mm"'  =  7V  58');  often  in  stellate 
jironps.  Also  renifonn  and  globnlar;  strnctnre  divergent,  fibrous,  or  earthy; 
also  incrastioK' 

Cleavage :  0  highly  perfect;  a  in  tntces;  also  fracture  fibrous  nearly  J.  ^ 
Flexible  in  thin  laminie;  sectile.  U.  =  1-5-2.  0.  =  2-58-2-66.  Luster,  A 
pearly  or  metallic  pearly;  other  faces  TitreouB.  Colorless  when  noaltered, 
blue  to  green,  deepening  on  exposure.  Streak  colorless  to  bluish  white, 
changiiig  to  indigo-blue  and  to  liTer-brown.  Transparent  to  translucent; 
opaque  after.eipoeure.     Pleochroiam  strong. 

Comp.— Iljdroua  ferrous  phoBphato,  re,P,0,  +  8H,0  =  PhosphoruB  pen- 
toxide  28-3,  iron  protoxide  43'0,  water  28-7  =  100. 

Many  aualysea  show  the  preaence  or  Iron  si-squioxide  due  to  alleratloD. 

Pyr.,  etc. — In  tbe  dosed  tube  yields  ueutrul  water,  whitens,  aud  ezfoHates.  B.B. 
fuses  Bt  I'S.  culorjng  the  flaiuo  bluish  green,  to  n  gni^h  black  tn ago etic  globule.  Wilh 
the  fluxes  reacls  Cor  iron.     Soluble  ia  hydrochloric  acid. 

Obs.— Occui'3  associated  with  pyrrhottte  and  pyrite  la  copper  nnd  tin  reius:  somellmei 
In  narrow  veins  with  gold.  traTcrsIng  graywacke:  both  friable  and  crystallized  In  beds  of 
clay,  and  Boiiieitincs  associated  with  irmoiilie,  or  bog  iron  ore;  often  In  cavities  of  fuMiU 
or  burled  bunea. 

Oc<riirs  at  St.  Agnes  atid  dsewbere  in  Corowall;  at  Bodeninais;  Ilic  gold  mines  of 
Veres]iatak  iu  Tnmsylvnuia.  The  earthy  variety,  sometimes  called  bliit  iron-earth  or 
naU'rt  I'rritH<in  lilut  (Fer  aiuri),  occurs  in  Greenland,  Cuniithia,  Cornwall,  etc. 

In  N.  America.  Iu  Keie  Jertey,  at  AJleutowu.  Muiimoulb  Co.,  both  crystallizud,  is 
nodules,  and  eanhy;  at  Mullica  Hill.  Qloucesler  Co  {muUieile},  in  cyliiidricnl  musses.  Iu 
Virginia,  In  S'.idlord  Co.  Iu  Ken(\ieky,  near  Eddyville.  Id  Canada,  with  linionite  ut 
Vaudreu!]. 

Bymplesitv.  Probably  FeiAsiO,-|- 811,0.  In  email  prismatic  crystals  and  in  radiated 
«p1ieTlc»l  aggregates.  G.  =  2'S57.  Color  pale  iudigo,  iucliocd  to  eel  and!  De-green.  From 
llohcnslciu  in  Voigllaud;  HUttenberg,  Cariuthia. 

BobleiTlte.  MgiP,0,  -f-  8H,0.  In  aggregates  of  minute  crystals;  also  nmsdve.  Col> 
«rle9s  to  white.  From  ilic  guano  al  Mexiilones.  on  tbe  Chilian  coast.  HauUfeaiUite  is 
Ilku  bubierrite,  but  contains  calcium.    From  Bamlc,  Norway. 

Hcemeiita.  KIgiA3,0, -|-8HaO.  In  cryslftis  resembling  gypsum;  also  columnar; 
stellar -foliated.    Color  auow-whtte.    From  the  Bauat,  Hungary. 
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ERTTHRITB.     Cobalt  Bloom.     Eobaltblathe  O^rm. 

Monoclinic.  Crystals  prismatic  and  vertically  striated.  Also  in  globalar 
and  reniform  shapes,  having  a  drusy  surface  and  a  columnar  structure;  some* 
times  stellate.     Also  pulverulent  and  earthy,  incrusting. 

Cleavage:  ^  highly  perfect.  Sectile.  H.  =  1  •5-2*5;  least  on  J.  6.  =  2*948. 
Luster  of  b  pearly;  other  faces  adamantine  to  vitreous;  also  dull,  earthy. 
Color  crimson-  and  peach-red,  sometimes  gray.  Streak  a  little  paler  than  the 
color.     Transparent  to  subtranslucent. 

Gomp. — Hydrous  cobalt  arsenate,  Co,As,Oj  +  8H,0  =  Arsenic  pentoxide 
38*4,  cobalt  protoxide  37*5,  water  24*1  =  100.  The  cobalt  is  sometimes  replaced 
by  nickel,  iron,  and  calcium. 

P3rr.,  etc. — In  the  closed  tube  yields  water  at  a  geutle  beat  and  turns  bluish;  at  a  higher 
heat  gives  off  arsenic  trioxide,  which  condenses  in  crystals  on  the  cool  glass,  and  the  residue 
has  a  dark  gray  or  black  color.  B.B.  in  the  forceps  fuses  at  2  to  a  gray  bead,  and  colors 
the  flame  light  blue  (arsenic).  B.B.  on  charcoal  gives  an  arsenical  odor,  and  fuses  to  a 
dark  gray  arsenide,  which  with  borax  gives  the  deep  blue  color  characteristic  of  cobalt. 
Soluble  in  hydrochloric  acid,  givinc^  a  rose-red  solution. 

Obs.— Occurs  at  Schneeberg  in  Saxony,  in  micaceous  scales;  Wolfach  in  Baden;  Modum 
in  Norway. 

In  the  U.  S..  in  Penn.,  sparingly  near  Philadelphia;  in  Nevada,  at  Lovelock's  station. 
In  California.     Named  from  epvBpdi,  red. 

Annabergite.  NiaAssOn  -f  8H9O.  In  capillary  crystals;  also  massive  and  disseminated. 
Color  fine  apple-green.  From  AUemont  in  Dauphin^;  Aunaberg  and  Schneeberg; 
Riechelsdorf;  in  Colorado;  Nevada. 

Oabrerite.  (Ni.Mg)aA8t08 -f  8HsO.  Like  erythrite  in  habit.  Also  fibrous,  radiated; 
reniform,  granular.  Color  apple-green.  From  the  Sierra  Cabrera,  Spain;  at  Laurion, 
Greece. 

Kdttigite.  Hydrous  zinc  arsenate,  ZntAssOs  4- 8H9O.  Massive,  or  in  crusts.  Color 
light  carmine-  and  peach- blossom-red.  Occurs  with  smaltite  at  the  cobalt  mine  Daniel» 
near  Schneeberg. 


Rhabdophanite.  Scovillite.  A  hydrous  phosphate  of  the  cerium  and  yttrium  metals. 
Massive,  small  mamillary;  as  an  incrustation.  G.  =  8d4-4  01.  Color  brown,  pinkish  or 
yellowish  white.  RhabdophaniU  is  from  Cornwall ;  ScavUliie  is  from  the  Scoville  (limonite) 
ore  bed  in  Salisbury,  Conn. 

Ohorchite.  A  hydrous  phosphate  of  cerium  and  calcium.  As  a  thin  coating  of 
minute  crystals.    G.  =  814.  Color  pale  smoke-gray  tinged  with  flesh-red.    From  ComwalL 


SOORODITB. 

»*6.  Orthorhombic.     Axes  i:l:i  =  0-8658  :  1  :  0-9641. 

def,    120  A  120  =  60*  1'.  W^'.  lU  A  111  =  HI*    «'. 

pj/     111  A  in  =  '^r  8'.  PP^",  111  A  111  =    65*  20^. 

Habit  octahedral,  also  prismatic.     Also  earthy,  amorphous. 
Cleavage:  d  imperfect;  «,  b  in  traces.     Fracture  uneven. 
Brittle.     H.  =  3-5-4.     G.  =  3-1-3-3.      Luster  vitreous  to  sub- 
Ls.         JL        adamantine  and  subresinous.     Color  pale  leek-green  or  liver- 
NXyVx     trown.     Streak  white.     Subtransparent  to  translucent. 
\C  X  Comp.— Hydrous  ferric  arsenate,  FeAsO,  +  2H,0  =  Arsenic 

^^  pentoxide  49-8,  iron  sesquioxide  346,  water  15-6  =  100. 

Pyr..  etc.— In  the  closed  tube  yields  neutral  water  and  turns  yellow.    B.B.  fuse* 
easily,  coloring  the  flame  blue.    B.B.  on  charcoal  gives  arsenical  fumes,  and  with  soda  a 
black  magnetic  scoria.    With  the  fluxes  reacts  for  iron.    Soluble  in  hydrochloric  acid. 
Obs.— Often  associated  with  arsenopyrite.    From  Schwarzenberg,  Saxony;  Dernbach» 
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Kmmu;  LOlliDg.  CarlDtUa;  KcvAtaik,  fiibaK  b  fae  oyrtils;  kriL-gices.  in  the  GoraUi 
mineiL 

Occun  Dcmr  EdeDTilk,  X.  T.,  with  mntDo^ytiUi  b  Utah.  Tiiitic  dirtiiet.  at  the 
Haminothinioeooefiftrgite.  AtanJncnMtatUinottMliccoiMirfBtcroftbcYdlowitoiiefcijWiii 

Named  froiD  atcofjvior,  pmriie,  alladiDg  to  the  odor  befoR  the  blowpipe. 

SCraagfto.  FePO«  ^  SHsO.  Crytfals  me;  in  habit  aDd  aagle  near  Korodiic;  gtatenOj 
Id  apberical  and  botrjoidai  fomu.  G.  =  2-87.  Cokv  pale  led.  FnMn  faroa  miaei  Bear 
GieMD:  alto  in  Rockbridge  Co..  Va,.  with  dnfreaiie. 

Pboaphoaidoffito.  2FePO«  —  81H,0.  An  ino  phn^ihatr  neu  tficngite.  but  with 
8}HsO.    From  tbe  iHegeo  minfaig  dutrict,  Germaoj. 

Bamndito  f Al,Fe)PO« -r  2HtO.  In  ipbcfoidal  conCTrtinni,  color  pale  dwdei  of 
gray.    From  Bfibemfa. 

▼arlflciU.  AIPOt  +  SH^O.  Commoolj  in  ciritalliDe  aggreplei  and  incrmtatinaa 
with  reniforin  surface.  Color  green.  From  McMach  in  Saxoo  Y<4gt]and;  Momgonciy 
Co.,  Arkaaaai,  on  quartz;  in  nodolar  miwfi  from  Utah. 

OaUaiBita.  AlPO«4-2iHfO.  HamiTe;  waz-4lke.  Color  apple-  to  emeiald-greeB. 
From  a  Celtic  grave  in  Locamariaiiiier. 

ZepbaroTichita.  A]PO«-r3HsO.  Cryitalline  to  compact.  Color  jdlowiib  or  gtajidi 
while.    From  Treoic  in  Bohemia. 

Xoniiickila.  FeP0«  +  8II,0.  In  mall  qiherical  aggv^ates  of  radiating  nardka. 
Color  yellow.    From  Richelle,  Belgiom. 


Acid  Hydrous  Phosphates,  ete. 


Monoclinic.  Crystals  rare.  Commonly  in  delicate  silky  fibers;  also 
botnroidal,  stalactitic. 

Cleavage:  A  perfect.  Fracture  uneven.  Flexible  in  thin  laminae.  H.  = 
2-*^*5.  G.  =  2'64-2*73.  Luster  vitreous;  on  b  inclining  to  pearly.  Color 
wliite  or  grayish;  frequently  tinged  red.  Streak  white.  Translucent  to 
opaque. 

Com  p.— Probably  IICaAsO^  +  211,0  =  Arsenic  pentoxide  53-3,  lime  25  9, 
water  lln-H  =  UH), 

Obfi — Found  with  arsenical  ores  of  cobalt  and  silver,  also  with  arseDopyrite;  at 
Aiu\ntti*i\u'r.^  in  the  Hurz;  Riechelsdorf  iu  Hesse;  Joachimsthal  iu  Bohemia,  etc.  Named 
from  0  tiJtitiKny^  ptiHon. 

Haidingerite.  HCaAsOf  +  IlaO.  In  minute  crystal  aggregates,  botryoidal  and  dnisy. 
G.  ^  2  H\H.     Color  white.     From  Joachimsthal  with  pharmacolite. 

Wapplerite.  HCuAsO*  +  ^1^,0.  In  minute  crystals;  also  in  incrustations.  Color- 
IcHH  to  wiiite.     Found  with  pliarmucollte  ut  Joachimstlial. 

Brushite.  IIc;aP04  f  211,0.  In  small  slender  prisms;  concretionary  massive.  Color- 
leHM  to  pile  vrllowisn.  Oc^curs  in  guano.  Metabmahite,  similarh'  associated,  is 
2II(;al'(),  f  8ll,0. 

Martinite.  IIaf:a6(P04)4  +  ^HjO.  From  phosphorite  deposits  (from  guano)  in  the 
iHlund  of  Ciira<;oa,  \V.  Indies. 

Newberyite.  IIMgPO*  -f  8H,0.  In  white  orlhorhombic  crystals.  From  guano  of 
8kipton  Cavirs.  Victoria.  Hannayite,  from  same  locality,  is  a  hydrous  phosphate  of 
ammonium  und  nnigncsium. 

Stercorite.  Microcosmic  salt.  HNa'NH*)?©*  +  4H,0.  Phosphorsalz  Germ.  In 
white  crystalline  masses  and  nodules  in  guano. 

HureauUte.  H3Mn6^P04)4  +  4II9O.  In  short  prismntic  crystals  (monocHnic).  Also 
masMtj;,  (rompact.  or  imperfectly  fibrous.  Color  yellowish,  orange-red,  rose,  grayish. 
From  liimogcH,  commune  of  Ilureuux,  France.     In  the  U.  States,  at  Branchville,  Conn. 

Forbasite.  Il9(Ni.Co)aA8«09 -f- 8HsO.  Structure  fibre  •  crystalline.  Color  grayish 
white.    From  Atucama. 


PHOSPHATES,  ARSENATES,  ETC.  511 

Basic  Hydrous  Phosphates*  etc. 

laoclaBite.  CatPs08.Ca(OH)s.4HsO.  In  minute  white  crystals;  also  columnar.  From 
Joacbimstbal. 

Hemafibrite.  MntAsi08.dMn(0H),  +  2UtO.  Commonly  in  spherical  radiated  groups. 
Color  brownish  red  to  garnet-red,  becoming  black.  From  the  Moss  mine,  Noidmark, 
Sweden. 

EUOHROmS. 

Orthorhombic.  Habit  prismatic  mm'"=  62°  40'.  Cleavage:  w,  n  (Oil) 
in  traces.  Fracture  small  concboidal  to  uneven,  Ratber  brittle.  H.  =  3*5-4. 
G.  =  3  389.  Luster  vitreous.  Color  brigbt  emerald-  or  leek-green.  Trans- 
parent to  translucent. 

Comp. — Cu,As,0,.Cu(OH),+  6H,0  =  Arsenic  pentoxide  34*2,  cupric  oxide 

47-1,  water  18-7  =  100. 

Obs.— Occurs  in  quartzose  mica  slate  at  Libethen  in  Hungary,  in  crystals  of  consider- 
able size,  hnving  much  resemblance  to  dioptase.     Named  from  euxpoa,  beautiful  color, 

Oonichalcite.  Perhaps  (Cu,Ca)sAs908.(Cu,Ca)(OH)t  +  iH,0.  Reniform  and  massive, 
resembliug  mnlachite.  Color  pistachio-green  to  emerald-green.  From  Andalusia,  Spain; 
Tintic  district.  Uiiih. 

Bayldonite.  (Pb  Cu)3A8«OR.(Pb,Cu)(OH>  +  H,0.  In  mamillary  concretions,  drusy. 
Color  green.     Fiom  Cornwall. 

Tagilite.  CutPaOe  Cu(OH),  -f-  ^HaO.  In  reniform  or  spheroidal  concretions;  earthy. 
Color  verdigris-  to  emerald-green.     From  the  Ural. 

Ijeucochalcite.  Probably  Cu3Asa08.Cu(OH)«  -f-  2H,0.  In  white,  silky  acicular  crys- 
tals.    From  the  Wilhelmiue  mine  in  the  Spessart,  Germany. 

Volborthite.  A  hydrous  vanadate  of  copper,  barium,  and  calcium.  Tu  small  six-sided 
tables,  in  globular  forms.     Color  olive-green,  citron-yellow.     From  the  Ural. 

Oornwallite.  CusAs,08.2Cu{OH),  -f  H,0.  Massive,  resembling  malachite.  Color 
emerald  green.     From  Coruwull. 

Tyrolite.  Tiiolit.  Kupferschaum  Oerm.  Perhaps  Cu,As,0s.2Cu(0H),  -f  7HiO. 
Usually  ill  fan-shaped  crystalline  groups;  in  foliated  aggregates;  also  massive.     Cleavage 

Eerfect.  yieUliug  soft  thin  flexible  laminae.  Color  pale  green  inclining  to  sky-blue.  From 
libethen.  Hungary;  Nerchinsk,  Siberia:  Falkenstein,  Tyrol;  etc  In  the  IL  States,  In  the 
Tintic  district,  Utah.  Some  analyses  yield  CaCOs,  usually  regarded  as  an  impurity,  but  it 
may  be  essential. 

OHALOOPHYIiUTB. 

Rhombobedral.     Axis  t  =  2-5538.     cr  =  71**  16',  rr'  =  110^  12'. 

In   tabular  crystals;    also   foliated    massive;    in  945, 

druses. 

Cleavage:  c  highly  perfect;  r  in  traces.  H.  =  2. 
G.  =  2-4-2*66.  Luster  of  c  pearly;  of  other  faces 
vitreous  or  subadamantine.  Color  emerald-  or  grass- 
green  to  verdigris-green.  Streak  somewhat  paler 
than  the  color.     Transparent  to  translucent.     Optically  — . 

Comp.— A  highly  basic  arsenate  of  copper;  formula  uncertain,  perhaps 

7CuO.A8,0,.14H,0. 

Pyr.,  etc —In  the  closed  tube  decrepitates,  yields  much  water,  and  gives  a  residue  of 
olive-green  scales.  In  other  respects  like  oiivenite.  Soluble  in  nitric  acid,  and  in 
ammonia. 

Obs.— From  the  copper  mines  near  Redruth  in  Cornwall;  at  Sayda,  Saxony;  Moldawa 
in  the  Banat.     In  the  U.  States,  in  the  Tintic  district,  Utah. 

Veszelyite.  A  hydrous  phospho-arsenate  of  cop|)er  and  zinc,  formula  uncertain. 
Occurs  as  a  greenish-blue  crystalline  incrustation  at  Morawitza,  in  the  Banat. 
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WAVBIiLITE. 

Orthorhombic.  Axes  a  :h  :6  =  0  5049  : 1  :  0  3751.  Crystals  rare.  Usu- 
ally in  aggregates,  hemispherical  or  globular  with  crystalline  surface,  and 
radiated  structure. 

Cleavage:  p  (101)  and  b  rather  perfect.  Fracture  uneven  to  subcouchoidaL 
Brittle.  H.  =  3-25-4.  G.  =  2*316-2*337.  Luster  vitreous,  inclining  to  pearly 
and  resinous.  Color  white,  passing  into  yellow,  green,  gray,  brown  and  black. 
Streak  white.     Translucent. 

Comp.-4AlPO,.2Al(OH),  -f  9H,0  =  Phosphorus  pentoxide  35-2,  alumina 
38*0,  water  26*8  =  100.     Fluorine  is  sometimes  present,  up  to  2  p.  c. 

Pyr.,  etc. — lu  the  closed  tube  gives  off  much  water,  the  last  portions  of  wbich  react 
acid  and  color  Brazil-wood  paper  yellow  (tluorine),  aud  also  etch  the  tube.  B.B.  iu  the 
forceps  swells  up  and  splits  into  fine  iu  fusible  particles,  coloring  the  tlame  pale  green. 
Gives  a  blue  with  cobalt  solution.  Heated  with  sulphuric  acid  gives  off  fumc^s  of  hydro- 
fluoric acid,  which  etch  glass.     Soluble  in  hydrochloric  acid,  and  also  in  caustic  potash. 

Obs. — From  Barnstaple  in  Devonshire;  at  Zbirow  in  Bohemia;  at  Fninkenberg,  Saxony; 
Minas  Geraes,  Brazil,  etc. 

In  the  United  Stales  at  the  slate  quarries  of  York  Co.,  Pa.;  White  Horse  Station,  Ches- 
ter Valley  R.  R.,  Pa.;  Magnet  Cove,  Arkansas. 

Fischerite.  AlP04.Al(0H)s  -f-  2iHaO.  In  small  prismatic  crystals  and  in  drusy 
crusts.     Color  green.     Prom  Nizhni  Tagilsk  in  the  Ural. 

Peganite.  Al(P04).Al(0H)a  +  liH^O.  Occurs  in  green  crusts,  of  small  prismatic 
crystals,  at  Striegis,  near  Freiberg,  Saxony. 

TURQUOIS.     Turquoise. 

Massive;  amorphous  or  cryptocrystalline.  Reniform,  stalactitic,  or  in- 
crusting.     In  thin  seams  and  disseminated  grains.     Also  in  rolled  masses. 

Cleavage  none.  Fracture  small  concnoidal.  Rather  brittle.  H.  =  6. 
G.  =  2-6-2  83.  Luster  somewhat  waxy,  feeble.  Color  sky-blue,  bluish  green 
to  apple-green,  and  greenish  gray.  Streak  white  or  greenish.  Feebly  sub- 
translucent  to  opaque. 

Comp. — A  hydrous  phosphate  of  aluminium  colored  by  a  copper  compound, 
A1P0,.A1(0II)3+ 11,0  =  Phosphorus  pentoxide  32-6,  alumina  408,  water 
206  =  100.     The  copper  salt  probably  has  the  composition  2CuO.P,0^.4H,0. 

Pyr.,  etc.— In  the  closed  tube  decrepitates,  yields  water,  and  turns  brown  or  black. 
B.B.  in  the  forceps  becomes  brown  and  assumes  a  glassy  appearance,  but  does  not  fuse; 
colors  the  flame  green;  moistened  with  hydrochloric  acid  the  color  is  at  first  blue  (copper 
chloride).     With  the  fluxes  reacts  for  copper.     Soluble  in  hydrochloric  acid. 

Obs. — The  highly  prized  oriental  tunjuois  occurs  in  narrow  seams  (2  to  4  or  even  6  mm. 
in  thickness)  or  in  irregular  patches  in  the  brecciated  portions  of  a  porphyritic  trachyte 
and  the  surrounding  clay  slate  in  Persia,  not  far  from  NishapClr,  Khorassan:  in  the  Megara 
Valley,  Sinai;  iu  the  Kara-Tube  Mts.  in  Turkestan,  50  versts  from  Samarkand. 

In  the  U.  States,  occurs  in  the  Los  Cerillos  Mts.,  20  m.  S.  E.  of  Santa  Fe,  New  Mexico, 
in  a  trachytic  rock,  a  locality  long  mined  by  the  Mexicans  and  in  recent  years  reopened 
and  extensively  worked;  in  the  Burro  Mts.,  Grant  Co.,  N.  M.;  pale  green  variety  near 
Columbus,  Nevada . 

Natural  turquois  of  inferior  color  is  often  artificially  treated  to  give  it  the  tint  desired. 
Moreover,  many  stones  which  are  of  a  fine  blue  when  first  found  retain  the  color  only  so 
long  as  they  are  kept  moist,  and  when  dry  they  fade,  become  a  dirty  green,  and  are  of 
little  value.  Much  of  the  turquois  (not  artificial)  used  in  jewelry  in  former  centuries,  hs 
well  as  the  present,  and  that  described  in  the  early  works  on  minerals,  was  hoiu-turquois 
(called  also  odontolite,  from  oSov^.  tooth),  which  is  fossil  bone,  or  tooth,  colored  by  a  phos- 
phate of  iron.  Its  organic  origin  becomes  manifest  under  a  microscope.  Moreover,  true 
turquois,  when  decomposed  by  hydrochloric  acid,  gives  a  fine  blue  color  with  ammonia, 
which  is  not  true  of  the  odontolite. 

Wardite.  2Al,Os.PaOft.4H,0.  Forms  light-green  or  bluish-creen  concretionary  in- 
crustations in  cavities  of  nodular  masses  of  varisciie  from  Utah.     H.  =5.     G.  =  2-77. 
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Spherite.  Perhaps  4A1P04.6A1(OH)s.  Id  globular  drusy  concretious.  Color  light 
gray,  bluish.     From  uear  St.  Benign  a,  Bohemia. 

Iiiskeardite.  (Al,Fe)A80«.2(Al,Fe)(OH)a  +  5HiO.  In  tbhi  incrusting  layers,  white  or 
bluish.     From  Liskeard,  Cornwall. 

Evansite.  2AlP04.4Al(OH)t  +  12HaO.  Massive;  reniform  or  botryoidal.  Colorless, 
or  milk-while.     From  Zsetcznik,  Hungary. 

C(ERULEOLACTiTE.  Perhups  8AUO9.2PaOft.l0H8O.  Crypto-crystalline;  milk-white  to 
light  copper-blue.  From  near  Eatzenellnbogen,  Nassau;  also  East  Whiteland  Township, 
Chester  Co.,  Penn. 

Augelite.  2AUOs.P1Oft.dH9O.  In  tabular  monoclinlc  crystals  and  massive.  G.  =  2*7. 
Colorless  to  while.  From  the  iron  mine  of  Westan&,  Sweden.  The  same  locality  has  also 
yielded  the  following  aluminium  phosphates. 

Berlinite.  2AraOa  2Ps06.HaO.  Compact,  massive.  G.  =  2*64.  Colorless  to  grayish 
or  rose- red. 

Trolleitb.  4AlaOa.8Pa06.8HaO.  Compact,  indistinctly  cleavable.  G.  =  8*10.  Color 
pale  green. 

Attacolite.  PaOft,AlaOi,MnO,CaO,HaO,  etc.;  formula  doubtful.  Massive.  G.  = 
3  09.     Color  salmon -red. 


PHARMAOOSIDBRITE. 

Isometric-tetrahedral.     Commonly    in    tubes;    also    tetrahedral.     Earely 
granular. 

Cleavage:  a  imperfect.     Fracture  uneven.     Rather  947. 

sectile.  H.  =  2*5.  6.  =  2*9-3.  Luster  adamantine 
to  greasy,  not  very  distinct.  Color  olive-,  grass-  or 
emerald -green,  yellowish  brown,  honey-yellow.  Streak 
green  to  brown,  yellow,  pale.  Subtransparent  to  sub- 
translucent.     Pyroelectric. 

Comp.— Perhaps  6FeAsO,.2Fe(OH)  +  12H,0  - 
Arsenic  pentoxide  43*1,  iron  sesquioxiae  40*0,  water 
16-9  =  100. 

Pyr.,  etc.— Same  as  for  scorodite. 

Obs.— Obtained  at  the  mines  in  Cornwall,  witb  ores  of  cop- 
per; at  Sclineeberg  and  Schwarzenberg,  Saxony;  at  KOnigsberg,  nenr  Sclieniniiz.  Hiin> 
gary.     In  Utah,  at  the  Mammoth  mine,  Tintic  district.     Named  from  q)dpfiaKoy,  poison, 
and  cri6rjfio<^,  iron. 

liudlamite.  2FesPa08  Fe(OH)a  +  8HaO.  Occurs  in  small  green  tabular  crystala 
(monoclinlc),  near  Truro,  Cornwall. 

Oacozenite.  Kakoxen  Germ.  FePO^.FeCOH),  4-  4iHaO.  In  radiated  tufts  of  a  yel- 
low or  brownish  color.     From  near  St.  Benigna  in  Bohemia;  Lancaster  Co.,  Penn. 

Beraunite.  Perhaps  2FeP04.Fe(OH)a  -f  2|HaO.  Commonly  in  druses  and  in  radiated 
globules  and  crusts.  Color  reddish  brown  to  dark  hyacinth-red.  From  St.  Benigna,  near 
Beraun,  in  Bohemia.  Eleonorite,  in  tabular  crystals,  is  the  same  mineral.  From  the 
Eleoiiore  mine  nenr  Giessen. 

Globositb,  Picite,  Delvauxite  are  other  hydrated  ferric  phosphates. 

OHILDRENITB. 

Orthorhombic.     Axes  d:h:d  =  0-7780  :  1 :  0-52575. 

mm'",  110  A  110=    75M6'.  rr''^     131  A  l8l  =  105"    9'. 

r/,       131  A  131  =    39^*  47'.  «'.        121  A  121  =    49"  56^'. 

Only  known  in  crystals.  Cleavage:  a  imperfect.  Fracture  uneven.  H.  = 
4*5-5.  G.  =  318-3-24.  Luster  vitreous  to  resinous.  Color  yellowish  white, 
pale  yellowish  brown,  brownish  black.  Streak  white  to  yellowish.  Trans- 
lucent. 

Comp — In    general    2AlPO,.2Fe(OH),  +  2H,0.     Phosphorus    pentoxide 
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30-9,   alumina    22*2,  iron    protoxide    31-3,    water    15*6  =  100.      Manganese 
replaces  part  of  the  iron  and  it  hence  graduates  into  eosphorite. 

Pyr.,  etc.— In  the  closed  tube  gives  off  neutral  water.  B.B.  swells  up  into  ramifica- 
tions, and  fuses  on  the  edges  to  a  black  mass,  coloring  the  flame  pale  green.  Heated  on 
•charcoal  turns  black  and  becomes  magnetic.  With  soda  gives  a  reaction  for  manganese. 
With  borux  and  salt  of  phosphorus  reacts  for  iron  and  manganese.  Soluble  in  hydro- 
chloric  acid 

Obs— From  Tavistock,  Devonshire.    In  U.  States,  at  Hebron,  Me. 

Eosphorite.  'Form  and  composition  as  for  childrenite»  but  containing  chieflv  maneauese 
instead  of  iron.  In  prismatic  crystals;  also  massive.  Color  rose-pmk,  yellowish,  etc. 
From  Brauchville,  Conn. 

Mazapilite.  CaiFea(As04)4.2FeO(OH)  +  5H9O.  In  slender  prismatic  crystals.  G.  = 
B-567-3-582.     Color  black.    From  Mazapil,  Mexico. 

Oalcioferrite.  Ca,Fe9(P04)4.Fe(OH)i.8H90.  Occurs  in  yellow  to  green  nodules  in  clay 
at  Battenberg,  Rhenish  Bavaria. 

Borickite.  Perhaps  CaiFea(P04)4.12Fe(OH)i -f  6HaO.  Reniform  massive;  compact. 
Color  reddish  brown.     From  Leoben  in  Slyria;  Bohemia. 

RiCHELLiTE.  Perhaps  4FeP90s.  FcaOF,  (OH)i  +  d6HtO.  Massive,  compact  or  foliated. 
Color  yellow.     From  Richelle,  Belgium. 

LXROOONITB. 

Monoclinic.     Axes  d  :  ^  :  (5  =  1-3191  : 1  :  1-6808;  /?  =  88°  33'. 

9^9.  ^^'  '^  110  ^  110  =  IDS'*  sy.        me',  no  A  Oil  =  46*  10'. 

«',       Oil  A  Oil  =  118"  29*.        m'e,  ilO  a  Oil  =  47"  U\ 

Crystals  resembling  rhombic  octahedrons.  Rarely 
granular.  Cleavage:  m,  e  indistinct.  Fracture  subcon- 
choidal  to  uneven.  Imperfectly  sectile.  H.  =  2-2*5. 
G.  =  2'882-2*985.  Luster  vitreous,  inclining  to  resinous. 
Color  and  streak  sky-blue  to  verdigris-green. 

Comp. — A  hydrous  arsenate  of  aluminium  and  cop- 
per, formula  uncertain;  analyses  correspond  nearly  to 
Cn.Al(AsOJ,.3CuAl(OH),.2()H,0  =  Arsenic   pentoxide 

28*9,  alumina  10*3,  cupric  oxide  35*9,  water  24*9  =  100.     Phosphorus  replaces 

part  of  the  arsenic, 

Pyr.,  etc. — In  the  closed  tube  ijives  much  water  nnd  turns  olive-green.  B.B.  cracks 
open,  but  does  not  decrepitate;  fuses  less  readily  tlian  olivenite  to  a  dark  i^ray  slag;  on  char- 
coal cracks  open,  detiagrates,  and  gives  reactions  like  olivenite.     Soluble  in  nitric  acid. 

Obs. — From  Cornwall;  Herrengrund  in  Hun<jary. 

Chenevixite.  Perhaps  CuafFeOiaAs^Og -f  3IIaO.  Massive  to  compact.  Color  dark 
green  to  greenish  yellow.     From  Cornwall;   VU\\\. 

IIenw(;oditk.  a  liydrated  phosphate  of  aluminium  nnd  copper.  In  botryoidal  globu- 
lar masses.     Color  turquois-blue.     From  Cornwall. 

Ohalcosiderite.     CuO  3Fe,03.2Pi,05.8HaO.     In   sheaf  like   crystalline    groups,  as   in- 
■crustations.     Color  liglit  .siskin-green.     From  Cornwall. 
Andkkwsitk.  also  from  Cornwall,  is  near  chalcosiderite. 

Kehoeite.  A  hydrated  phosphate  of  aluminium,  zinc.  etc.  Massive.  G.  =  2-84. 
From  Galena,  So.  Dakota. 

Goyazite.  Perhaps  Ca3Al10PjO33.9H.jO.  In  small  rounded  grains  Color  yellowish 
white.     From  Minas  Geraes,  Brazil. 

Plumbogumniite.  A  hydrated  phosphate  of  lead  and  aluminium.  Resembles  drops  or 
coatings  of  gum;  as  incrustations.  Color  yellowish,  brownish.  With  galena  at  Huelgoet, 
Brittany,  and  elsewhere. 
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Urauite  Group. 

TORBBRNTTB.     Copper  Uranile.    Kupferuranit  Oerm, 

Tetragonal.  Axis  i  =  2'9361.  Crystals  usually  square  tables,  sometimes 
Tery  thin,  again  thick;  less  often  pyramidal.     Also  foliated,  micaceous. 

Cleavage:  c  perfect,  micaceous.  LaminsB  brittle.  H.  =  2-2*5.  G.  = 
3'4-3'C.  Luster  of  c  pearly,  other  faces  subadamantine.  Color  emerald-  and 
grass-green,  and  sometimes  leek-,  apple-,  and  siskin-green.  Streak  paler  than 
the  color.    Transparent  to  subtranslucent.     Optically  uniaxial;  negative. 

Comp. — A  hydrous  phosphate  of  uranium  and  copper,  Cu(TJO,),P,Og  -f 
8H,0  =  Phosphorus  pentoxide  15*1,  uranium  trioxide  61*2,  copper  8*4,  water 
15*3  =  100.    Arsenic  may  replace  part  of  the  phosphorus. 

Tjr.,  etc.— In  the  closed  lube  yields  water.  In  the  forceps  fuses  at  2*5  to  a  blackish 
mass,  and  colors  the  flame  green.  With  salt  of  phosphorus  gives  a  green  bead,  which  with 
tin  on  charcoal  becomes  on  cooling  opaque  red  (copper).  With  soda  on  charcoal  gives  a 
globule  of  copper.     Soluble  in  nitric  acid. 

Obs. — From  Gunnis  Lake  and  elsewhere  in  Cornwall;  Schneeberg,  etc.,  Saxony; 
Joachimsthal,  Bohemia. 

Zeunerite.  Cu(UOa)«A8t084-  8HaO.  In  tabular  crystals  resembling  torbernite  in  form 
and  color.     G.  =  3*2.    From  Schneeberg,  Saxony;  near  Joachimsthal;  Cornwall. 


AUTUNlTll.     Lime  Uranite.     Ealkuranit  Oerm, 

Orthorhombic.  In  thin  tabular  crystals,  nearly  tetragonal  in  form  and 
deviating  but  slightly  from  torbernite  in  angle;  also  foliated,  micaceous. 

Cleavage:  basal,  eminent.  Laminae  brittle.  H.  =  2-2*5.  G.  =  3'05-3'19, 
Luster  of  c  pearly,  elsewhere  subadamantine.  Color  lemon-  to  sulphur- 
yellow.  Streak  yellowish.  Transparent  to  translucent.  Optically  — .  Ax. 
pi.  II  b.     Bx±c.     /3=  1-572. 

Comp. — A  hydrous  phosphate  of  uranium  and  calcium,  probably  analogous 
to  torbernite,  Ca(UO,),P,0.  +  8H,0  or  Ca0.2UO,.P,0..8H,0  =  Phosphorus 
pentoxide  15*5,  uranium"  trioxide  62*7,  lime  61,  water  15*7  =  100. 

Some  analyses  ^ive  10  and  others  12  molecules  of  water,  but  it  is  not  certain  that  the 
additional  lunouut  is  essential. 

Pyr.,  etc. — Same  as  for  torbernite,  but  no  reaction  for  copper. 

Obs. — With  urauinite,  as  at  Johanngeorgenstadt,  Falkcnstein.  In  the  U.  States,  at 
Middletown  and  Branchville.  Conn.  In  N.  Carolina,  at  mica  mines  in  Mitchell  Co.;  in 
Alexander  Co.;  Black  Hills,  8.  Dakota. 

Uranospinite.  Probably  Ca(U09)3  As^Os  -f  BHsO.  In  thin  tabular  crystals  rectangular 
in  outline.     Color  siskin -green.    From  near  Schneeberg,  Saxony. 

Uranocircite.  6a(U09)9PaOs  -\-  SH^O.  In  crystals  similar  to  autunite.  Color  yellow- 
green.     From  Falkenstein,  Saxon  Voigtlaud. 


PhosphuranyUte.  (U09)sPa08  -|-  6HaO.  As  a  pulverulent  incrustation.  Color  deep 
lemon -yellow.     From  Mitchell  Co.,  N.  C- 

Trogerite.  (U09)aAs308  4- 12HaO.  In  thin  druses  of  tabular  crystals.  Color  lemon- 
yellow.     From  near  Schneeberg,  Saxony. 

Walpurgite.  Probably  Bi,o(U09)8(OH)24(As04)4.  In  thin  yellow  crystals  resembling 
gypsum.     G.  =  5*76      Color  yellow.     From  near  Schneeberg,  Saxony. 

Rhagite.  Perhaps  2BiA804.8Bi(OH)a.  In  crystalline  aggregates.  Color  yellowish 
green,  wax-yellow.    From  near  Schneeberg,  Saxony. 

Mizite.  A  hydrated  basic  arsenate  of  copper  and  bismuth,  formula  doubtful.  In 
ficicular  crystals;  as  an  incrustation.  Color  green  to  whitish.  From  Joachimsthal; 
Wittichen,  Baden;  Tintic  distr.,  Utah. 
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a.s4'%    Color MaaL    Tifpoli jr, BnarfL 

LowMto,    9CiO,2TfO«,38b,0».    In  miniite  yellow  to  biown  isoinetiic  octahcdroML 

Triptjbjr,  Brazil, 

WUtta^UUm,     A  tfUiKMUitinioDate  of  lead  aod  calciam,  related  to  lewisite.    In  dark 

brown  infttnetric  or^taberlrona.    Jakobsberg.  Sweden. 
,         Ammiolitk.     a  doabtful  antimooite    of  mercorj;    forming  a  scarlet  earthy 
H  FromCbilf. 


Fhotphatef  or  Anenatef  with  Carbonates,  Sulphates,  Borates. 

Siaf  elite  and  DahlliU  (p.  409)  may  belong  here. 

Diadochite.  A  hvdrated  phosphate  and  sulphate  of  ferric  iron; Tharingia.  DeMtinemie 
is  sfmilnr;  from  IkOgfum. 

PitticiU.  A  hyd rated  arsenate  and  sulphate  of  ferric  iron.  Reniform  and  massive. 
YellowUb  and  reddish  brown.     From  Saxony,  Cornwall,  etc. 

Branb^rgite.  A  liydrnted  phosphate  and  sulphate  of  aluminium  and  calcium.  In 
rliomlKihedral  crystals.  Color  yellow  to  yellowish  brown,  rose-red.  Prom  HonsjOberg, 
Sweden. 

Baudantit«.  A  phosphate  or  arsenate  with  sulphate  of  ferric  iron  and  lead;  formula, 
doubtful.  In  rhombohedral  crystals.  Color  green  to  brown  and  black.  From  Cork; 
Dernbach  and  Horhausen,  Nassau. 

liindaokarfte.  Perhaps  8NI0.6Cu0.80,2A8,0».7HaO.  In  rosettei.  and  in  renifonn 
masses.    Color  verdigris-  to  apple-green.    From  Joachimsthal. 

liUneburgite  BMgO.BaOt.PsOk.SHaO.  In  flattened  masses,  fibrous  to  earthy  atmc- 
ture.     From  Lllneburg.  Hannover. 

Lossanite.    A  hydrous  iron  arsenate  and  lead  sulphate  from  Laurion,  Greece. 
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Nitrates. 

The  Nitrates  being  largely  soluble  in  water  play  but  an  unimportant  rdle 
in  Mineralogy. 

SODA  NITER. 

Rhombohedral.  Axis  b  =  0-8276;  rr'  =  73"*  30'.  Homoeomorphous  with 
oalcite.     Usually  in  massive  form^  as  an  incrustation  or  in  beds. 

Cleavage:  r  perfect.  Fracture  conchoidal^  seldom  observable.  Rather 
sectile.  H.  =1-5-2.  G.  =  2*24-2-29.  Luster  vitreous.  Color  white;  also 
reddish  brown,  gray  and  lemon-yellow.  Transparent.  Taste  cooling.  Opti- 
cally -.     a?  =  1-5874,  €y  =  1-3361. 

Comp. — Sodium  nitrate,  NaNO,  =  Nitrogen  pentozide  63*5,  soda  36-5  =  100, 

P3rr.,  etc. — Deflagrates  on  charcoal  with  leas  violeDce  than  niter,  causing  a  yellow 
light,  and  also  deliquesces.  Colors  the  flame  intensely  yellow.  Dissolves  in  three  parts  of 
water  at  60*  F. 

Obs. — From  Tarapaca,  northern  Chili,  and  also  the  neighboring  parts  of  Bolivia;  also 
in  Humboldt  Co.,  Nevada;  near  Calico,  San  Bernardino  Co.,  Cal. 

Niter.    Potassium  nitrate,  KNOt.    In  thin  white  crusts  and  silky  tufts. 


Nitrocalcite.  Hydrous  calcium  nitrate.  Ca(NOs)s  +  nHtO.  In  efflorescent  silky  tufts 
and  masses.    In  many  limestone  caverns,  as  those  of  Kentucky. 

Nitromagnesite.    Mg(NOs),  +  nH,0.    In  efflorescences  in  limestone  caves. 

Nitrobarite.    Barium  nitrate,  Ba(NOs)t.    Isometrlc-tetartohedral.    From  Chili. 

Oerhardtite.  Basic  cupric  nitrate.  Cu(N0,),.8Cu(0H)i.  In  pyramidal  orthorhombic 
crystals.     G.  =  8 '426.     Color  emerald-green.    From  the  copper  mines  at  Jerome,  Arizona. 

Darapskite.  NaN0a.Na,80«  +  HiO.  In  square  tabular  crystals.  Colorless.  From 
Atacama.  Chili.  ^ 

Nitroglauberlte.    6NaNO,.2Na,804.8H,0.    Prom  Atacama. 


LauUrite.  Calcium  iodate.  Ca^IO.),.  In  prismatic  crystals,  colorless  to  yellowish. 
From  the  sodium  nitrate  deposits  of  Atacama. 

Dietzeite.  A  calcium  iodo-chromate.  Monoclinic;  commonly  fibrous  or  columnar. 
H.  =  8-4.    G.  =  8*70.    Color  dark  gold-yellow.    From  the  same  region  as  lautarite. 
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Oxygen  Salts. 

6.  BOBATES. 

Tbe  alnminatet,  femtes,  eta,  allied  chemieelly  to  tbe  bontes,  li«Te  been  already  intro- 
doced  among  the  oxidea.  Th^  include  the  spedea  of  the  Spinel  Group,  pp.  887-Ml,  •!«> 
Cbryaobeiyl,  p.  84S,  etc. 


In  fibrous  seams  or  yeins.  H.  =  3.  O.  =  3*42.  Luster  silky  to  pesrly* 
Color  white  with  a  tinse  of  pink  or  yeUow.    Translucent. 

CoBip. — HEBO,,  wnere  B=:Mn,  Zn  and  Mg  =  Boron  triozide  34*1, 
manganese  protoxide,  il'b,  magnesia  15*6,  water  8*8  =  100.  Here  Mn  (+  Zn) 
:Mg=3:  2. 

Pyr.,  etc. — In  the  closed  tube  darkens  in  color  and  yields  neutral  water.  If  turmeric 
paper  is  moistened  with  this  water,  and  then  with  dilute,  hydrochloric  add.  it  assumes  » 
xea  color  (boric  add).  In  the  forceps  fuses  in  the  flame  of  a  candle  (F  =  2),  and  RB.  in 
O.F.  yields  a  black  crystalline  mass,  coloring  the  flame  intensdy  yellowish  green.  With 
the  fluxes  reacts  for  manganese.    Soluble  in  hydrochloric  add. 

Obs.— Found  on  Mine  Hill,  Franklin  Furnace,  Susmz  Ck>.,  N.  J.,  with  frankllnllflg 
xindte,  willemite,  etc.  An  intimate  mixture  of  zlndte  and  calcite,  not  uncommon  at  Jllno 
Hill,  Is  often  mistaken  for  suasexlte,  but  the  ready  fusibility  of  the  genuine  mineral  Is  dis* 
tinctive. 

liudwigite.  Perhaps  8MgO.B,0,  +  FeO.Fe,Os.  In  finely  fibrous  masses.  G.'  =  8*01- 
4*02.     Color  blackish  green  to  nearly  black.    From  Morawitza,  Hungary. 

Pinakiolite.  SMgO.BiOs  +  MnO.MnaOs.  In  small  rectangular  crystals.  H.  =  8. 
G.  =  3*881.    Luster  metallic.     Color  black.    From  L&ngban,  Sweden. 

Nordenaki&ldine.  A  calcium-tin  borate,  CaSn(60s)s.  In  tabular  rhombohedral 
crystals.  H.  =  5*5-6.  6.  =4'20.  Color  sulphur-yellow.  From  the  Langensund  fiord. 
Norway. 

Jeremc(Jevite.  Eichwaldite.  Aluminium  borate,  AlBOt.  In  prismatic  hexagonal 
crystals.  H.  =  6*5.  G.  =  8*28.  Colorless  to  pale  yellow.  From  Mt.  Soktuj,  Aduu* 
ChaloD  range  in  Eastern  Siberia. 

Hamberglte.  Bea(0H)B09.  In  grayish- white  prismatic  crystals.  H.  =  7  5.  G.  = 
2 '347.     From  Langesuod  fiord,  southern  Norway. 

Szaibel^te.  2MgftB40ii.8H,0.  In  small  nodules;  white  outside,  yellow  within. 
From  Rezbunya,  Hungary. 

BORAOITE. 

Isometric  and  tetrahedral  in  external  form  under  ordinary  conditions^  but 
in  molecular  structure  orthorhombic  and  pseudo-isometric:  the  structure 
becomes  isotropic,  as  required  by  the  form,  only  when  heated  to  265®,  (See 
Art.  411.) 

Habit  cubic  and  tetrahedral  or  octahedral;  also  dodecahedral.  Crystals 
usually  isolated,  embedded;  less  often  in  groups.  Faces  o  bright  and  smooth, 
0,  dull  or  uneven. 

Cleavage:  o,  o^  in  traces.     Fracture  conchoidal,  uneven.     Brittle.     H.  =  7 
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in  crystals.  G.  =  3'9-3.  Luster  vi^reona,  incliDing  to  adamsntine.  Color 
white,  iuclining  to  grav,  yellow  and  ereen.  Streak  white.  Subtrauspareut  to 
translucent,  Commoiily  ahows  doable  refraction,  which,  however,  iliBappears 
upon  heating  to  365",  when  a  section  becomes  isotropic.  Refractive  index 
»,  =  1-667;  >'-<»  =  0  0107. 


^^ 


Strongly  pyroelectric,  the  opposite  polarity  corresponding  to  the  positioa 
of  the  +  and  —  tetrabedral  faces  (see  pp.  234,  235).  The  faces  of  the  dull 
tetrahedron  o  (ill)  form  the  analogous  pole,  those  of  the  polished  form  o 
(111)  the  antilogous  pole.  Hose. 

Comp.— Mk,C1,B„0„  or  6MgO.MgCl,.8B,0,=  Boron  trioxide  62-5,  mag- 
nesia 31-4,  chlorine  7-9  =  101  8,  deduct  (0  =  Cl)  I'S  =  100. 

V«r. — 1,  OrtUnary.  In  cryslnla  of  varied  hsbil.  2.  Jiatntt,  with  Eometimes  s  sub- 
columuar  structure;  *ta*tfwritt«  of  Roee.  It  resembles  &  UDe-grained  nLile  maitile  or 
graoulBF limestone.  Paratite  of  Volgerla  Uie  plumose  Inlerior  ol  some  cijeials  of  boraclte. 
3.  EuetuUutfurtitt  coatnlns  some  Fe. 

Pyr.,  etc.— The  massive  vsrietv  gives  water  Iti  tbe  closed  tube,  B.B.  boLli  varltile* 
fuse  at  2  with  Intumescence  to  a  while  cryBlalline  pcad,  culorlog  Ibe  flame  green :  lieiitcd 
after  moistening  with  cobalt  aolution  assumes  a  deep  pink  color.  Mlntd  wlih  nxlde  or 
copper  and  heated  on  charcoal  colors  the  flame  deep  azure-blue  (copper  chloride).  Soluble 
In  liydrochlorlc  acid. 

Alters  very  Blonly  on  eipomre,  owing  to  llie  irngneslum  chloride  present,  nhich  takes 
up  water.  It  Is  tbe  frequent  presence  of  tliis  deliqiiciiceDt  chloride  Id  the  massive  mineral, 
thus  originating,  that  led  to  the  view  (hnt  tliere  was  a  hydrous  horaclte  IslBBafurtlle). 
Parniile  of  Volger  is  a  result  of  the  same  kind  of  allenitlon  In  the  interior  of  crystals  of 
boracite;  this  alteration  giving  It  lis  somewhat  plumose  character,  and  introducing  water. 

Obi.— Observed  in  beds  of  atibydrite.  gypsum  or  salt.  In  crystals  at  Ealkberc  sud 
SchildslelD  In  LDneburg,  Hannover;  at  Scgeberg,  near  Kiel,  In  Holsleln;  at  Lunevilie.  La 
Meurtlie,  France;  massive,  or  as  part  of  tbe  rock,  also  In  crystals,  at  Slassfurt.  Prussia. 

Ascharite.  A  hydrous  magnesium  borate.  In  white  lumps  with  boracite.  From 
Aschersleben,  Germany. 

Rhodizlte,  A  borate  of  aluminium  and  potassium,  with  csslum  and  rubidium. 
Isometric- tetrabedrnl;  In  white.  transluceuC  dodecahedrons.  H.  =  8.  G.  =  8'4I.  Found 
on  red  tourmaline  from  the  vicinity  of  Ekaterinburg  iu  the  Ural. 

WarwlcUte.  Perhnps  6MeO.FeO  2TI0,.SB,0,.  In  elongated  prismatic  cryatals. 
G.  =  3*36.     Color  dark  brown  to  duU  black.     From  Edenvllle,  N.  Y. 

HowUte.  A  Blllco-borate  of  calcium,  HiCaiBiBiOi  >.  In  small  white  rounded  nodules; 
also  enrthy.     From  Nova  Scotia. 

Lagooit*.     FegO..SBiO,.3H,0.     An  incntsiatlon  at  tbe  Tuscan  lagoons. 

IdTdetelUU.     tNH0>O.4B,O..4H,O.     Prom  the  Tuscan  lagoons. 

OOLBHANITB. 

Monoclinic.     Axes  4  :^b  :  d  =  0-7748  : 1  :  0-5410;  /S  =  69°  5'. 
Crystals  nsually  short  prismatic  {mm"'=  72°  4').     Massive  cleavable  to 
granular  and  compact. 
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Cleayable:  h  highly  perfect;  c  dudtinct.  Fractnre  uneTen  to  sabcon- 
-choidal.  H.  =  4-4-5.  O.  =  2*42.  Lngter  Titreons  to  adamantine,  briUiank 
dolorless  to  milky  white,  yellowish  white,  gray.    Transparent  to  tranalncent. 

Comp.— Ca,B,0„-5H,0,  perhaps  HCa(BO,),+  2H,0  =  Boron  triozide  5(«, 
lime  27-2,  water  21-9  =  100. 

Pyr.— B.B.  decrepitatea^  exfoliates,  sinters,  and  fuses  Imperfectly,  coloring  the  flams 
yellowish  green.  Soluble  in  hot  hydrochloric  acid  with  separation  of  bone  acid  on 
cooliDg. 

Obs.— First  discovered  in  Death  Valley,  Inyo  Ck>.,  California;  later  in  Calico  dislriet. 
fian  Bernardino  county. 

pRiCBiTB.  Near  colemanlte.  Massive,  friable  and  chalky.  Color  snow-white.  Frooi 
Curry  Co.,  Oregon.    F^ndermite  \b  similar;  in  compact  nodules  from  Asia  Xinor. 

Pinnolt«.  MffBsO^.SHtO.  .  Tetragonal-pyramidal.  Usually  in  nodnles,  ladiated 
nbrous.    Color  sulphur-  or  straw-yellow.    From  Staasfnrt. 

Bsintsits.  Hintzeite.  Kaliborlte.  A  hydrous  borate  of  magnesium  and  potaaalnm. 
In  small  crystals,  sometimes  aggregated  together.  H.  =  4-5.  G.  =  2*18.  Colorleas  to 
white.    From  Leopoldshall,  Stassfnrt. 
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Monoclinio.    Axes  A:t:6  =  1*0995  :  1  :  0-6632;  fi  =  72""  25'. 

ca,       001  A  100=  78*  25"^  cs,     001  A  Sdl  =r  64*    a*. 

mm"',  no  A  lIO  =  »8*   0'.  «/,    111  A  111  =  57*  8r. 

eo,        001  A  ill  =  40*  81'.  n',    SSl  A  9Sl  =:  88*  28'. 

* 

Crystals  prismatic,  sometimes  large;  resembling  pyrox- 
ene in  habit  and  anries. 

Cleayage:  a  penect;  m  less  so;  &  in  traces.  Fracture 
conchoidal  Batber  brittle.  H.  =  2-2'5.  O.  =  l-69-l-78w 
Lnster  vitreons  to  resinous;  sometimes  earthy.  Oolor 
white;  sometimes  grayish,  bluish  or  greenish.  Streak 
white.  Translucent  to  opaque.  Taste  sweetish-alkaline, 
feeble.  Optically  — .  Ax.  pi.  J_  h.  Bx.  J_  b.  Bxo.p  A^  = 
-  56°  50'.     /?  =  1-470.     2E,  =  59°  30'. 

Comp Na,Bp,.10H,0  or  Na,0.2B,0,.10H,0  =  Boron  trioxide  36-6,  soda 

16-2,  water  47-2  =  100. 

l^yr.,  etc. — B.B.  pufla  up  and  afterward  fuses  to  a  transparent  globule,  called  the  elass 
of  borax.  Fused  with  fluorite  and  potassium  bisulphate.  it  colors  the  flame  around  the 
assay  a  clear  green.  Soluble  in  water,  yielding  a  faintly  alkaline  solution.  Boiling  water 
dissolves  double  its  weight  of  this  salt. 

Obs.— Obtained  from  the  salt  lakes  of  Tibet;  the  crude  mineral  Is  csWed  tineal.  In 
Oaliforuia,  abundant  in  Lake  Co.,  nt  Borax  Lake  and  Hachinhnmn,  two  small  alkaline 
lakes  in  the  immediate  vicinity  of  Clear  Lake;  present  in  Folution  in  the  lake  waters,  and 
obtiiined  also  in  large  quantities  in  fine  crystals  embedded  in  the  lake  mud  and  the  sur- 
rounding marshy  soil;  also  found  in  fine  large  clear  crystals  at  Borax  Lake.  Siin  Bemnr- 
<lin.»  Co. :  at  Death  Valley,  Inyo  Co.     Also  Rhodes  Marsh,  etc.,  Esmeralda  Co..  Nevada. 

Named  borax  from  the  Arabic  buraq,  which  included  also  the  niter  (sodium  carbonate) 
of  ancient  writers,  the  natron  of  the  Egyptians.  Borax  was  called  chrysocolla  by  Agricola 
beciiuse  used  in  soldering  gold. 


ULEXTTE.     Boronatrocalcite.    Natronborocalcite. 


Usually  in  rounded  masses,  loose  in  texture,  consisting  of  fine  fibers,  which 
acicular  or  capillary  crystals.     H.  =  1.     6.  =  1*65.     Luster  silky  within. 


are 

dolor  white.     Tasteless. 


Comp.— A  hydrous  borate  of  sodium  and  calcium,  probably  NaOaB^O,.8H,0 

=  Boron  trioxide  43*0,  lime  13*8,  soda  7*7,  water  35*5  =  100. 
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P3rr.,  etc. — Yields  water.  B.B.  fuses  at  1  with  intumescence  to  a  clear  blebby  glass, 
coloring  the  fianie  deep  yellow.  Moistened  with  sulphuric  acid  the  color  of  the  flame  is 
niomeuiarily  changed  to  deep  green.  Not  soluble  in  cold  water,  and  but  little  so  in  hot; 
the  solution  alkaline  in  its  reactions. 

Obs. — From  the  dry  plains  of  Iquique,  Chill.  In  Nevada,  in  large  quantities  in  the 
salt  marshes  of  the  Columbus  Mining  District,  Esmeralda  Co. 

Named  after  the  German  chemist,  G.  L.  Ulex. 

Bechilite.     CaB40T.4HsO.     In  crusts,  as  a  deposit  from  springs  in  Tuscany. 

Hydroboracite.  CaMgBtOu.CHaO.  Resembles  fibrous  and  foliated  gypsum;  color 
white.    From  the  Caucasus. 

Sulfoborite.  8MgSO4.2MgtB4O0  4-12HaO.  In  colorless  prismatic  orthorhombic  crys- 
tals.   H.  =  4.    G.  =  2*88-2*45.    From  Westeregeln,  Germany. 


Uranates. 

URANINITEI.    Cleveite.    BreSggerite.    Nivenite.    Uranpecherz  Oerm, 

Isometric.  In  octahedrons,  also  with  dodecahedral  faces  {d) ;  less  often  in 
cubes  with  o  and  d.  Crystals  rare.  Usually  massive  and  botryoidal;  also  in 
grains;  structure  sometimes  columnar,  or  curved  lamellar. 

Fracture  conchoidal  to  uneven.  Brittle.  H.  =  5'5.  6.  =  9*0  to  9*7  of 
crystals;  of  massive  altered  fopms  from  6*4  upwards.     Luster  submetallic,  to 

freasy  or  pitch-like,  and  dull.    Color  ffrayish,  greenish,  brownish,  velvet- 
lack.     Streak  brownish  black,  grayish,  olive-green,  a  little  shining.    Opaque. 

Comp. — A  uranate  of  uranyl,  lead,  usually  thorium  (or  zirconium),  often  the 
metals  of  the  lanthanum  and  yttrium  groups;  also  containing  the  gases  nitro- 
gen, helium  and  argon,  in  varying  amounts  up  to  2*6  p.  c.  Calcium  and  water 
^Bssential  ?)  are  present  in  small  quantities;  iron  also,  but  only  as  an  impurity. 
The  relation  between  the  bases  varies  widely  and  no  definite  formula  can  be 
given. 

Var. — The  minerals  provisionally  included  under  the  name  uraninite  are  as  follows: 

1.  Crystallized,  Uranniobite  from  Norvf Ay.  In  crystals,  usually  octahedral,  with  G. 
varying  for  the  most  part  from  9*0  to  9*7 ;  occurs  as  an  original  constituent  of  coarse 
granites.  The  variety  from  Brauchville,  which  is  as  free  from  alteration  as  any  yet 
examined,  contains  chiefly  UOa  with  a  relatively  smiUl  amount  of  UOi.  Thorin  is  prom- 
inent, while  the  earihs  of  the  lanthanum  and  yttrium  groups  are  only  sparingly  represented. 

Broggerite,  as  analyzed  by  Hillebrand,  gives  the  oxygen  ratio  of  Ud  to  other  bases  of 
about  1:1;  it  occurs  m  octahedral  crystals,  also  with  d  and  a.    G.  =  9*03. 

Cleveite  and  nivenite  contain  UOs  in  larger  amount  than  the  other  varieties  mentioned, 
and  are  characterized  by  containing  about  10  p.  c.  of  the  yttrium  earths.  Cleveite  is  a 
variety  from  the  Arendal  region  occurring  in  cubic  crystals  modified  by  the  dodecahedron 
and  octahedron.  G.  =  7*49.  It  is  particularly  rich  in  the  gas  helium.  Nivenite  occurs 
massive,  with  indistinct  crystallization.  Color  velvet-black.  H.  =  5  5.  G.  =  8*01.  It 
is  more  soluble  than  other  kinds  of  uraninite,  being  completely  decomposed  by  the  action 
for  one  hour  of  very  dilute  sulphuric  acid  at  100". 

2.  Massive,  probiibly  amorphous.  Pitchblende.  Uranpecherz  G'tfrm.  Contains  no  thoria; 
the  rare  earths  also  absent.  Water  Is  prominent  and  the  specific  gravity  is  much  lower,  in 
some  cn«es  not  above  6*5;  these  last  differences  are  doubtless  largely  due  to  alteration. 
Here  belong  the  kinds  of  pitchblende  which  occur  in  metalliferous  veins,  with  sulphides  of 
silver,  lead,  cobalt,  nickel,  iron.  zinc,  copper,  as  that  from  Johanngeorgenstadt,  Pfibram, 
etc.:  probably  also  that  from  Black  Hawk.  Colorado  (Hillebrand). 

Pyr..  etc.— B.B.  infusible,  or  only  slightly  rounded  on  the  edges,  sometimes  coloring 
the  outer  flame  green  (copper).  With  borax  and  salt  of  phosphorus  gives  a  yellow  bead  in 
O.F.,  becoming  green  in  R.F.  (uranium).  With  soda  on  charcoal  gives  a  coating  of  lead 
oxide,  and  frequently  the  odor  of  arsenic.  Many  specimens  give  reactions  for  sulphur  and 
arsenic  in  the  open  tube.  Soluble  in  nitric  and  sulphuric  acids;  the  solubility  differs 
widely  in  different  varieties,  being  greater  in  those  kinds  containing  the  rare  earths.  Not 
attractable  by  the  magnet. 
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ObB.**As  noted  aboTe,  mrnnliiite  oceon  eititier  m  a  prlmaiy  coostilaem  of  gtmnitic  wbt^ 
or  as  a  leooiidaiy  mineral  with  one  of  sUtot,  lead*  copper,  etc.  Under  tlie  latter  ooadftlott 
it  is  found  at  Jobanngeorgenttadt.  Karienbctt^,  and  Scnneebeig  in  Saxony,  at  Joachlmatlial 
and  PHbnun  in  Boliemia,  and  Resb&nya  in  Hunnrv.  Occurs  in  Norway  in  pci^oaatiie 
veins  at  several  points  near  Moas,  viz.:  AnnerOd  (iMk^gtriU),  Slvestad,  etc;  also  near 
Arendal  at  the  Garta  feldspar  quarry  (eUceUe),  associated  with  orthite,  ferguaonite,  thorite^ 
etc. 

In  tlie  U.  States,  at  the  Middletown  feldspar  quarrv.  Conn.,  in  large  octahedrons^  imie;. 
at  Hale*s  quany  in  Glastonbury,  a  few  miles  N.E.  of  Middletown.  At  BFancfavflle»  Oobb., 
in  a  pegmatite  vein,  as  small  octahedral  crystals,  embedded  in  albite.  In  N.  Garolina,  at 
the  Flat  Rock  mine  and  other  mica  mines  in  Mitchell  Co.,  rather  abundant,  but  umalljr 
altersd,  in  part  or  entirely,  to  gummite  and  uranophane;  Uie  crystals  are  sometimea  aa  tack 
or  more  across  and  cubic  in  habit  In  8.  Carolina,  at  Marietta.  In  Texas,  at  the  gadolinita 
locality  in  Llano  Co.  (n^esa^).  In  large  quantities  at  Black  Hawk,  near  Central  C^^, 
Colorado.  Rather  abundant  in  the  Bald  Mountain  district.  Black  Hills,  8.  Dakota.  AlsO' 
with  monazite,  etc.,  at  the  Villeneuve  mica  veins,  Ottawa  Co.,  Quebec,  Canada. 

Ghuunlte.  An  alteration-product  of  uraninite  of  doubtful  composition.  In  romidecl 
or  ilattened  pieces,  looking  much  like  gum.  G.  =s  8*9-4*30.  Luster  greaqr.  Color  iwl* 
dish  yellow  to  orange-red,  reddish  brown.  From  JohanngeorgensUdt,  also  Mit^iell  Gq.» 
K.  C. 

TTTBOouiofiTB.    Occurs  with  devdte  as  a  decomposition-product 
Thobooummitb.    Occurs  with  fergusonite,  cyrtdite,  and  other  species  at  the  gadoii* 
site  locality  in  Llano  Ca,  Texas. 

nranosphssrlte.  (BiO)iUtOT.8HtO.  In  half-globular  aggregated  forms.  Color  omifa^ 
jellow,  bnck-red.    From  near  Schneebeig,  Saxony. 
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Oxygen  Salts. 
6.  SniiFHATES,  OHROBIATES,  TELLURATES. 

A.  Anhydrous  Sulphates,  etc. 

The  important  Barite  Group  is  the  only  one  among  the  anhydrous  sal* 
phates  and  chromates. 

Mascagnite.  Ammonium  sulphate,  (NH4)«S04.  Usually  in  crusts  and  stalactitic 
forms.     Occui-s  about  volcanoes,  as  at  Etna,  Vesuvius,  etc. 

Taylorite.  5EaS04.(NH4)iS04.  In  small  compact  lumps  or  concretions.  From  the 
guano  of  the  Chiucba  Islands. 

Thenardite.  Anhydrous  sodium  sulphate,  Nai804.  In  orthorhombic  crystals,  pyram* 
idal,  short  prismatio  or  tabular;  also  as  twins  (Fig.  846.  p.  118).  White  to  brownish. 
Soluble  in  water.  Often  observed  in  connection  with  salt  lakes,  as  on  the  shores  of  Lake 
Balkhash,  Central  Asia;  similarly  elsewhere;  also  in  S.  America  in  Tarapaca.  In  the  U. 
S.  forms  extensive  deposits  on  the  Rio  Verde,  Arizona.  In  California,  at  Borax  Lake,  San 
Bernardino  Co. 

Aphthitalite.  Arcanite,  (E,Na)2S04.  Rhombohedral;  also  massive,  in  crusts.  Color 
white.  From  Vesuvius,  upon  lava;  at  Douglashall  near  Westeregeln  in  blOdite;  Rocalmuto» 
Sicily. 

OLAUBBRmi. 

Mouoclinic.    Axes  a:h:i=:  1-2200  : 1 :  10275;  /3  =  67**  49'. 

ca,       001  A  100  =  67'  49'.       es,    001  A  HI  =  48**    2*.  o-^ 

mm"\  111  A  111  =  96**  58'.       em,  001  A  HO  =  76'  804'. 

In  crystals  tabular  ||  c;  also  prismatic. 

Cleavage :  c  perfect.  Fracture  conchoidal.  Brittle. 
H.  =  2-5-3.  G.  =  27-2-85.  Luster  vitreous.  Color 
pale  yellow  or  gray;  sometimes  brick-red.  Streak 
v^rhite.  Taste  slightly  saline.  On  the  optical  prop- 
erties (see  p.  225). 

Comp,— Na,SO,.CaSO,  =  Sulphur  trioxide  57*6, 
lime  20-1,  soda  22*3  =  100;  or.  Sodium  sulphate  51-1, 
calcium  sulphate  48*9  =  100. 

Pjrr.,  etc.— B.B.  decrepitates,  turns  white,  and  fuses  at  1*5  to  a  white  enamel,  coloring 
the  flame  intensely  yellow.  On  charcoal  fuses  in  O.F.  to  a  clear  bead;  in  R.F.  a  portion 
is  absorbed  by  the  charcoal,  leaving  an  infusible  hepatic  residue.  Soluble  in  hydrochloric 
acid.  In  water  it  loses  its  transparency,  is  partially  dissolved,  leaving  a  residue  of  calcium 
sulphate,  and  in  n  large  excess  this  is  completely  dissolved. 

Obs. — In  crystals  in  rock  salt  at  Villa  Hubia,  in  New  Castile,  Spain;  also  at  Aussee, 
Upper  Austria;  Berchtesniden,  Bavaria;  Westeregeln;  Stassfurt.  In  crystals  in  the  Rio 
Verde  Valley,  Arizona,  "mth  thenardite,  mirabilite,  etc.;  Borax  lake,  San  Bernardino  Co., 
California. 

liangbeinite.  EiM^9(S04)s.  Isometric-tetartohedral.  In  highly  modified  colorless 
crystals.    G.  =  2*83.    From  Westeregeln,  Germany. 
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Barite  Group.     BSO,.     Orthorhombic. 

m  Am'"  dd'  oo' 

110  Alio  102aI02    Oil  a  Oil  dzh:i 

Suite             BaSO,      78°  22^'  77°  43'  105°  26'  0-8152  :  1  :  1-3136 

Celestito          SrSO.       75°  50'  78°  49'  104°   0'  0-7790 :  1  :  1-2801 

AnglMite        PbSO,      76=  16J'  78°  47'  104="  24*'  0-7852  :  1  :  lUm 

Anhydrite       CaSO.      (83°  33')  (58°  31')  (90°    3')  0-8933  :  1  :  1-0008 

The  Barite  Group  includes  the  salphates  of  barinm,  Btrontium,  and  lead, 
three  species  which  are  closely  isomorphoiu,  agreeiog  not  only  in  axial  ratio 
but  also  in  crystalline  habit  and  cleavage.  With  these  ia  also  iacladed  calcion 
sulphate,  anhydrite,  which  has  a  related  but  not  cloaely  similar  form;  it  diffen 
Jrom  the  others  conspicuously  in  clearage.  It  is  to  be  noted  that  the  carbon- 
atea  of  the  same  metals  form  the  isomorphong  Akagoxite  Gboup,  p.  353. 

BABITB.    HeaTj  Spar.    Barrtea.    Scliwer^MUi  Arm. 
Orthorhombic.    Ajtes  d  :  J  :  t*  =  0-8152  :  1 :  13136. 


',  110  A  liO  =  W  23J'. 
001  A  102  =  as-  6I|'. 
001  A  Oli  =  52-  43*. 


<W" ,  108  A  lOa  =  109-  ir. 
«.  ■',  on  A  Oil  =  If  84'. 
a,      001  A  111  =    «•  IV. 


1^^,   <^^  (^ 
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Crvstals  commonly  tabular  \  c  and  united  in  diverging  groups  haviDg  the 
asis  fin  common:  also  prismaiic.  most  frequently  \  axis  5,  d  (102)  predomi' 
Tiating:  also  \  axis  K  tri  prominent:  azain  |  n,  with  0  (Oil)  prominent.  AIm 
in  globular  forms,  fibrous  or  lamellar,  crested;   coarsely  laminated,  lanuoa 
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couvergent  and  often  carved;  granalar,  resembling  white  marble,  and  eartny; 
colors  sometimes  banded  as  in  stalagmite. 

Cleavage:  c  perfect;  m  also  perfect.  Fig.  954  the  form  yielded  by  cleavage; 
also  b  imperfect.  Fracture  uneven.  Brittle.  H.  =  2*5-3'6.  G.  =  4*3-4-6; 
4*489  cryst.  Luster  vitreous,  inclining  to  resinous;  sometimes  pearly  on  c,  lesa 
often  on  m.  Streak  white.  Color  white;  also  inclining  to  yellow,  gray,  blue, 
red,  or  brown,  dark  brown.  Transparent  to  translucent  to  opaque.  Sometimea 
fetid,  when  rubbed.  Optically  +.  Ax.  pi.  )  b.  Bz  ±a  2Er  =  63^  5% 
Py  =  1-6371,  (see  further  p.  224). 

Var. — Ordinary,    (a)  Crystals  usually  broad  or  stout;  sometimes  very  large;  again  ixk 
slender  needles,    (b)  Oreated;  massive  aggregations  of  tabular  crystals,  the  crystals  project- 
ing at  surface  into  crest-like  forms.    (^  Columnar;  the  columns  often  coarse  and  loosely 
aggregated,  and  either  radiated  or  parallel;  rarely  tine  fibrous,     (d)  In  globular  or  nodular 
concretions,  subtibrous  or  columnar  within.     Bologna  JSions  (from  near  Bologna)  is  here 
included;  it  was  early  a  source  of  wonder  because  of  the  phosphorescence  it  exhibited  after 
heating  with  charcoal.     *' Bologna  phosphorus"  wns  made  from  it.    (0)  Lamellar,  either 
straight  or  curved;    the  latter  sometimes  ns  aggregutious  of   curved    scale-like    plates. 
(/)  Granular,     {g)  Compact  or  cryptocrystuUine.     (A)  Earthy,     (t)  Staluctitic  and  stalag- 
mitic;  similar  in  structure  and  ori^n  to  calcareous  stalactites  and  stalaemites  and  of  much 
beauty  when  polished,     (h)  Fetid;  so  called  fioiu  the  odor  given  off  when  struck  or  when 
two  pieces  are  rubbed  together,  which  odor  may  be  due  to  carbonaceous  matters  present. 

The  barite  of  Muzsa],  Hungary,  and  of  Better,  near  Rosenau,  was  early  called  Wolnyn^ 
Cavok  is  the  ordinary  barite  of  tlie  Derbyshire  lead  mines.  Dreelite,  supposed  10  be  rhom- 
bohedral,  is  simply  barite.  Michel-levy te  from  Perkin's  Mill,  Templetou,  Quebec  (described 
as  monoclinic),  is  peculiar  in  its  pearly  luster  on  m,  twinning  striations,  etc. 

Comp.— Barium  sulphate,  BaSO^  =  Sulphur  trioxide  34*3,  baryta  65*7  =  100. 

Strontium  sulphate  is  often  present,  also  calcium  sulphate;  further,  as  impurities,  silica^ 
clay,  bituminous  or  carbonaceous  substances. 

Fyr.,  etc. — B.B.  decrepitates  and  fuses  at  8,  coloring  the  flame  yellowish  grien;  the 
/used  mass  reacts  alkaline  with  test  paper.  On  charcoal  reduced  to  a  sulphide.  With  soda 
gives  at  first  a  clear  pearl,  but  on  continued  blowing  yields  a  hepatic  mass,  which  spreads 
out  and  soaks  into  the  coal.     This  reacts  for  sulphur  (p.  262).     Insoluble  in  acids. 

Djfit — Characterized  by  high  specific  gravity  (higher  than  celestite,  aragonite.  nlbite^ 
calcite,  gypsum,  etc.) :  cleavage ;  insolubility  ;  green  coloration  of  the  blowpipe  flame. 
Albite  is  harder  and  calcite  effervesces  with  acid. 

Obs. — Occurs  commonly  in  connection  with  beds  or  veins  of  metallic  ores,  especially  of 
lead,  also  copper,  silver,  cobalt,  manganese,  as  part  of  the  ganguo  of  the  ore;  also  often 
accompanies  stibnite.  Sometimes  present  in  massive  forms  with  hematite  deposits.  It  i» 
met  with  in  secondary  limestones  and  sandstones,  sometimes  forming  distinct  veins,  and  in 
the  former  often  in  crystals  along  with  calcite  and  celestite;  in  the  latter  often  with  copper 
ores.  Sometimes  occupies  the  cavities  of  amygdaloidal  basalt,  porphyry,  etc.;  forms  eaitliy 
masses  iu  beds  of  marl.  Occurs  as  the  petrifying  material  of  fossils  and  occupying  cavities 
in  them. 

Fine  crystals  are  obtained  at  the  Dufton  lead  mines,  Westmoreland,  Eneland;  also  in 
Cumberland  and  lAncaahire;  in  Derbyshire,  Staffordshire,  etc.;  Cleator  Moor;  Alston 
Moor.  In  Scotland,  in  Argyleshire,  at  Strontian.  Some  of  the  most  important  of  the 
many  European  localities  are  FelsObdnya,  Nagyb&nya.  Schemnitz.  and  Kremnitz,  in 
Hungary,  often  with  stibnite;  Hattenberg,  Carinthia;  Freiberg.  Marienbcrg,  iu  Saxony; 
Clausthal  in  the  Harz;  Ff  ibram,  Bohemia;  with  the  manganese  ores  of  Ilefeld,  (Ehrenbtock,. 
etc.;  Auvergne. 

In  the  U.  States,  formerly  in  Conn.,  at  Cheshire,  intersecting  the  red  sandstone  in  veins 
with  cbalcocite  and  malachite.  In  N.  York,  at  Pillar  Point,  opposite  Sackett's  Harl)or, 
maosive;  at  Scoharie.  fibrous;  in  St.  Lawrence  Co..  crystals  at  De  Kalb;  the  crested  variety 
at  Hammond.  In  Penn.,  in  crystals  at  Perlsiomen  lead  mine.*  In  Virginia,  at  Eldridge's 
gold  mine  in  Buckingham  Co.  In  N.  Carolina,  white  massive  at  Crowders  Mt.,  Gastou 
Co.,  etc.  In  Tenn  ,  on  Brown's  Creek;  at  Haysboro',  near  Nashville:  in  large  veins  in 
sandstone  on  the  W.  end  of  I.  Rojrale,  L.  Superior,  and  on  Spar  Id..  N.  shore.  In  Mitiouri, 
not  uncommon  with  the  lead  ores;  in  concretionary  forms  at  Salina,  Saline  Co.,  Kansas. 
In  Colorado,  at  Sterlinir,  Weld  Co. ;  Apishapa  Creek;  also  in  £1  Paso  and  Fremont  Cos.  In 
fine  crystals,  near  Fort  Wallace,  New  Mexico. 
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In  Ontario,  in  Bathurst,  and  N.  Burgess,  Lanark  Co. :  Galway,  Peterborough  Co. ;  as  large 
veins  on  Jarvis,  McKellars,  and  Pie  islands,  in  L.  Superior,  and  near  Fort  William.  Tliuuder 
Bay.  In  Nova  Scotia,  in  veins  in  the  slates  of  East  River  of  the  Five  Islauds,  Colchester 
€o. 

Named  froiii  fSafjvi,  heaty. 


OBLESTITB.    Coelestine. 
Orthorhombic.    Axes  a  :  5  :  (5  =  0-7790  :  1 :  1*2800. 

966.  967. 


mm"\  110  A  110  =  75"  50'.  cd.  001  A  102  =  89'  24|'. 

cl,        001  A  104  =  22'  aO*.  eo,  001  A  Oil  =  52'    0*. 

Crystals  resembling  those  of  barite  in  habit;  commonly  tabular  |  c  or 
prismatic  |  axis  aox  h\  also  more  rarely  pyramidal  by  the  prominence  of  the 
forms  tp  (133)  or  x  i^^^)-  -^^^o  fibrous  and  radiated;  sometimes  globular; 
occasionally  granular. 

Cleavage:  c  perfect;  m  nearly  perfect;  h  less  distinct.  Fracture  uneven. 
H.  =  3-3*5.  G.  =  3*95-3'97.  Luster  vitreous,  sometimes  inclining  to  pearly. 
Streak  white.  Color  white,  often  faint  bluish,  and  sometimes  reddish. 
IViinsparent  to  subtranslucent.  Optically +.  Ax.  pi.  ||  h.  BxJ_a.  2Ey  = 
89°  \W.     fiy  =  1-6237. 

Var. — 1.  Ordinary,  (a)  In  crystals  of  varied  habit  as  noted  above:  a  tinge  of  a  delicAte 
blue  is  very  common  and  sometimes  belongs  to  only  a  part  of  a  crystal.  The  variety  from 
Montmartre,  called  apotoine,  is  prismatic  by  extension  of  o  (Oil)  and  doubly  terminated  by 
the  pyramid  if)  (133).  {h)  Fibrous,  either  parallel  or  radiated,  {c)  Lamellar;  of  rare  occur- 
rence, (d)  Granular,  {e)  Concretionary.  (/)  Eartliy;  impure  usually  with  carbonate  of 
lime  or  clay. 

Comp. — Strontium  sulphate  =  SrSO^  =  Sulpliur  trioxide  43*6,  strontia 
5G'4  =  100.     Calcium  and  bjirinm  are  sometimes  })resent. 

Pyr.,  etc. — B.B.  frequently  decrepitates,  fuses  at  3  to  a  v^rhite  pearl,  coloring  the  flame 
«trontia-red;  the  fused  mass  reacts  alkaline.  On  charcoal  fuses,  and  in  R.F.  is  converted 
into  a  dillicuUly  fusible  hepatic  mass:  this  treated  vviijj  hydrochlorir  acid  and  alcohol  gives 
an  intensely  red  tl.ime.     With  soda  on  charcoal  reacts  like  barite.     Insoluble  in  acids. 

Diflf.  -Characterized  by  form,  cleavnge,  high  specific  gravity,  red  coloration  of  the 
blovv|)i|)e  tlame.  Does  not  effervesce  with  acids  like  the  carbonates  (e.g.,  strontianite); 
specific;  gravity  lower  than  that  of  barite. 

Obs. — Usu  illy  associated  with  limestone,  or  sandstone  of  various  ages;  occasionally  with 
metalliferous  ores,  as  with  galena  and  sphalerite  at  Condorcet,  France;  at  Rezbanva. 
Hungary;  also  in  beds  of  gypsum,  rock  salt,  as  at  Bex,  Switzerland,  Ischl.  Austria.  Lune- 
berg,  Hannover;  sometimes  fills  cavities  in  fossils,  e.g.,  ammonites;  with  sulphur  in  some 
volcanic  regions  as  at  Girgenti,  Sicily. 

Specimens,  finely  crystallized,  of  a  bluish  tint,  are  found  in  limestone  about  Lake 
Huron,  particularly  on  Drummond  Island,  also  on  Strontian  Is.,  Put-inBay.  L.  Erie,  atid 
at  Kingston  in  Ontario.  Canada:  Chaumont  Bay.  L.  Ontario.  Schoharie,  and  Lockporl, 
N.  Y.  A  blue  fibrous  celestite  occurs  at  Bell's  Mills,  Blair  Co  ,  Penn.  In  Mineral  Co.. 
W.  Virginia,  a  few  miles  south  of  Cumberland,  Md..  in  pynimidal  blue  cr^'stals.     In  Texas, 
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:at  Lampasas,  large  crystals.  With  colemanite  at  Death  Valley.  San  Bernardino  Co., 
Oalifornia.  lu  Canada,  in  crystalline  masses  at  Kingston,  Frontenac  Co.;  Lansdowne^ 
Leeds  Co. ;  in  radiating  fibrous  masses  in  ihe  Lauren tian  of  Renfrew  Co. 

Named  from  caiettts,  celestial,  in  allusion  to  the  faint  shades  of  blue  often  present. 


ANOLBSITI].    Bleivitriol,  Viiriolbleierz  Oerm, 
Orthorhombic.     Axes  d:h:d  =  0-7852  :  1  :  1*2894. 


968. 


969. 


970. 


mm"\  110  A  lIO  =  76**  16J' 
cl,        001  A  104  =  22"*  19'. 


ed,  001  A  102  =  39°  23'. 
CO,  001  A  Oil  =  52"*  12'. 


Crystals  sometimes  tabular  ||  c;  more  often  prismatic  in  habit,  and  in  all  the 
three  axial  directions,  m,  d,  o,  predominating  in  the  different  cases;  pyramidal 
of  varied  types.     Also  massive,  granular  to  compact;  stalactitic;  nodular. 

Cleavage:  c,  m  distinct,  but  interrupted.  Fracture  conchoidal.  Very 
brittle.  H.  =  2*75-3.  G.  =  6'3-6-39.  Luster  highly  adamantine  in  some 
specimens,  in  others  inclining  to  resinous  and  vitreous.  Color  white,  tinged 
yellow,  gray,  green,  and  sometimes  blue.  Streak  uncolored.  Transparent  to 
opaque.  Optically  +.  Ax.  pi.  ||  b.  Bx  i.  a.  2H^y  --  «^°  '''''  ^-  j^a:^^^ 
measured  by  Arzruni: 


89°  52',  Dx.     Indices 


For  C  at  20'* 
D     •' 


Dat    50' 

"     100" 
••     200' 


a 

1*86981 
1-87709 
1-89549 

1-87636 
1  -87529 
1*87260 


1-87502 
1  -88226 
1-90097 

1-88166 
1-88080 
1  87833 


r 

1  -88630 
1-89365 
1-91263 

1-89281 
1  -89184 
1  -88754 


2V 


75' 24' 


77' 
82' 
89' 


40' 
44' 
17' 


2V  (calc.) 

68' 

69r 
72' 

77' 


Comp. — Lead  sulphate,  PbSO^  =  Sulphur  trioxide  26*4,  lead  oxide  73'6  = 
100. 

P3nr.,  etc. — B.B.  decrepitates,  fuses  in  the  flame  of  a  candle  (F.  =  1-5).  On  cbarcoal 
in  O.F.  fuses  to  a  clear  pearl,  which  on  cooling  becomes  milk-white;  in  R.F.  is  reduced 
-with  effervescence  to  metallic  lend.  With  soda  on  charcoal  in  R.F.  gives  metallic  lead, 
and  the  soda  is  absorbed  by  the  coal.     Difficultly  soluble  in  nitric  acid. 

Diflf. — Characterized  by  high  specific  gravity:  adamantine  luster;  cleavage;  and  by  yield- 
ing lead  B.B.    Cerussile  effervesces  in  nitric  acid. 

Obs.— A  result  of  the  decomposition  of  galena,  and  often  found  in  its  cavities;  also 
surrounds  a  nucleus  of  galena  in  concentric  layers.  First  found  in  England  at  Pary's 
mine  in  Anglesea;  at  Loadhills;  in  Derbyshire  and  in  Cumberland  in  crystals;  Clausthal, 
in  the  Ilarz;  near  Siegen  in  Prussia;  Schapbach  and  Badenweiler  in  Baden;  Fels5bdnya 
And  elsewhere  in  Hungary;  Nerchinsk,  Siberia;  and  at  Monte  Poni,  Sardinia;  Granaua; 
massive  in  Siberia.  Andalusia;  in  Australia,  whence  it  is  exported  to  England.  In  the 
Sierra  MojaMa.  Mexico,  in  immense  quantities,  mostly  massive. 

In  the  United  States  in  crystals  at  Wheatley's  mine,  Phenixville,  Pa.;  in  Missouri  lead 
mines;  in  crystals  of  varied  habit  at  the  Mountain  View  mine,  Carroll  Co.,  Maryland.    In 


M8 


CoU/nulo  Ml  vmrioot  poinU.  hot  1cm  eonsoB  tkao  cejiaritc.     At  tlie  Cerro  Gofdo 
Califonik  (tfgentifeTOfu  nlcsuif.  witb  ocher  k^  mlDCtmlL    In  Amcnm,  in 
Uie  CaMie  Dc«ae  distiict,  loma  Co.,  and  chgwbeie. 

>ftiaed  f rtjiD  the  locaihj,  Anglcscm.  wbere  it  wm  ftnt  fooiid. 


^ 


Ortborhombic.     Axes  d:h:i=^  0-8933  :  1  : 1-0008. 

•i«i'^,  no  /  110  =  sr  3r  j/.  on  a  oil  =  «r  r 

IT',     101  /  101  =  96*  ao^  be.  010  A  111  =  sriy 

Twini:  1,  tw.  pi.  d  (012);  2,  r  (101)  occasionallj  as  tw.  laroellc.     Crrstals 
971.  not    commoDy  tbick    tmbolar, 

^^'  who  prismatic  |  axis  S.     Usa- 

ally  massiye,  cleaTable,  fibrous^ 
lamellaFy  granular,  and  some- 
times impalpable. 

Cleavage:  in  the  three  pin- 
^2  \  T\l     acoidai  directions  yielding  rect- 

angular fragments  bnt  with 
Tarring  ease,  thns,  e  rerj  per- 
fect; 0  also  perfect;  a  some- 
what less  so.  Fracture  nneren^ 
971,  972,  StMtfurt,  Hbg.     973,  Axuaee,  Id.  sometimes    splintenr.     Brittle. 

H.  =  3-3-5.  G.  =  2-899-2-985. 
Lnster:  c  pearly, especially  after  heating  in  a  closed  tube;  a  somewhat  greasy; 
b  vitreoQs;  in  massive  Tarieties,  Titreons  inclining  to  pearly.  Color  white, 
sometimes  a  grayish,  bluish,  or  reddish  tinge;  also  brick-red.  Streak  grayish 
white.     Optically  +.     Ax.  pi.  |  ^.     Bx  J.  a.     2Er  =  70.     /?  =  1576. 

Var.— 1.  Ordirutry.  (a)  Crystallized;  crj'Mals  rare,  more  commonly  massive  and  cleav- 
able  in  its  tliree  rectaugiilar  direrlions.  (6)  Fibrrms;  either  fwirallel.  raiiiated  or  phmmse. 
(C)  Fine  granular,  (d)  Scaly  granular.  VulpiniU  is  a  scaly  granular  kind  from  Vulpino 
In  lyimbardy;  it  i.«»  cut  and  i<jlisl)e<l  for  ornamental  purposes.  A  kind  in  contorted  concre- 
tionary forms  is  the  tripe8t^)ne  {(Jekro^Mtein  f»r  SrhlnngenaUibaiUr). 
2.   P$eudojnorphau»  ;  in  cubes  after  rock-salt, 

Comp. — Anhydrous  calcium  sulphate,  CaSO,  =  Sulphur  trioiide  588,  lime 
41-2  =  100. 

Pyr,  etc.— B.B.  fuses  at  3,  coloring  the  flame  re<l(li$h  yellow,  and  yielding  an  enamel- 
like l)ead  which  reacts  alkaline.  On  charcc^l  in  K.F.  reduced  to  a  sulphide;  with  soda 
does  not  fuM?  to  a  clear  globule,  and  is  not  absorbed  by  the  coal  like  barite;  is,  however, 
decomposed,  and  yields  a  mnss  wliich  blackens  silver.     Soluble  in  livdrochloric  acid. 

I>iff. — Churacferized  by  its  cleavage  in  three  rectangular  directions  (pseudo-cubic  in 
aspeet);  harder  than  gypsum;  does  nt/t  effervesce  with  acids  like  the  carbonates. 

Obii!-  Orriirs  in  rocks  of  various  nces,  especially  in  limestone  strata. and  often  the  same 
that  contain  ordinary  gypsum,  and  aUo  very  commonly  in  beds  of  rock-salt:  at  the  sail 
ndne  near  Hall  in  Tvrol;  of  Hex,  Switzerland:  at  Aussee,  crystallized  and  massive: 
Llineb«irL'.  Haimover;  Kapnik  in  Hungary;  Wieliczka  in  Poland ;*Ischl  in  Upper  Austria; 
Iierrhte«L'aHen  in  Havuria;  Stassfurt,  in  tine  crystals,  embedded  in  kieserite;  in  cavities  iii 
lava  at  SaT)torin. 

In  the  r.  States,  at  T/>ckport.  X.  Y.,  tine  blue,  in  geodea  of  black  limestone,  wiih  calcile 
and  gypMum;  in   limestone  at  Nashville,  Tenn.,  etc.     In  Nova  Scotia  it  forms  extensive 

beds. 

Anhydrite  ])y  absorption  of  moisture  changes  to  gypsum.  Extensive  beds  are  some- 
Ifmes  thus  altered  in  part  or  throughout,  as  at  Bex,  in  Switzerland,  where,  by  digging 
down  00  to  KK)  ft.,  the  unaltered  anhydrite  may  be  found.  Sometimes  specimens  of 
anhydrite  arc  altered  between  the  folia  or  over  the  exterior. 

Zinkosite.     Zn80«.     Reported  as  occurring  at  a  mine  in  the  Sierra  Almagrera,  Spain. 

Hydrocyanite.  CUSO4.  Found  at  Vesuvius  as  a  pale  green  to  blue  incrustation  after 
the  eruption  of  1868. 
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OROOOITB.    Rothblelerz,  Qtna. 
MonocliDic.     Axes  a:o:i::  = 


0-9603  : 1  :  0-9159;  y3  =  77°  3 


Crystals  usually  prismatic,  habit  varied.  Also  imperfectly 
columnar  and  granular. 

Cleavage :  rn  rather  distiuct;  c,  a  less  so.  Fracture  small  con- 
choidal  to  uneven.  Sectile.  H.  =  2-5-3.  G.  =  5-9-6-1.  Luster 
adamantine  to  vitreous.  Color  various  shades  of  bright  hyacinth- 
red.     Streak  orange-yellow.     Translucent, 

Comp,— Lead  chromate,  PbCrO^  =  Chromium  trioiide  31'1, 
lead  protoxide  689  =  100, 

Pyr.,  Btc. — In  the   closed   tube  decrepitates,  blackens,  but   recovers  i(s 
original  color  on  cooling.    B.B.  (uses  at  I'S,  and  on  cLarcoat  Is  reduced  io 
melallic   lead  with   dellagraliou,  iBaving  a  residue  of  cliromluni   oxide,  and   giving  it  lend 
coating.     With  salt  of  pliospliorus  gives  na  cmemld-grecn  bead  la  both  Humes. 

Oba. — First  found  nt  Berezuv,  in  crystHli  In  quartz  veins;  also  at  Miirsiuka  nod  near 
Nizbui  Tngilsk  In  the  Uml;  lu  Brazil,  at  Cougonhas  do  Campo;  at  Rezbfiuyu  In  Hungary, 
Hol<lawa  in  Hungary;  on  Luzon,  ono  of  the  Philippines;  from  Tasmania;  in  the  Vulture 
district,  Mniicopa  Co.,  Arizona. 

Tlie  name  CroaAte  ts  from  irpj*f oS,  taffrea. 

PhcBDicochrolta.  PhcEniclte.  A  basic  lead  chromate,  3Pb0.2CrOi.  In  crystals  and 
massive.    Color  between  cocliineal-  and  hyacinth-red.    Prom  Berezov  in  the  Ural. 

Vanquelinlta.  A  pbospbo-cbromale  of  lead,  perhaps  2(Pb,Cu)CrO,.(Pb,Cn)iP,0..  lu 
crystals;  also  mammlllary  and  reDlforni.  Color  green  to  brown.  From  Berezov  in  the 
Ural. 


Sulphates  with  Chlorides,  Carbonates,  etc.— In  part  hydrous. 


X>B  ADHIZiLmi . 
Monoclinic.     Axes  a 


lU^  1-7476  : 1  :  2-2154;  y3  =  89°  48'. 


mm'",  no  A  iio  =  iso-aT. 

rw,      001  A  101  =    51°  W. 

Twins:  tvr.  pi.  m,  analogous  to  aragonite.     Crystals  commonly  tabular  \  c. 

Cleavage:  c  very  perfect;  a  in  traces.  Fracture  conchoidal,  scarcely 
observable.  Rather  aectile.  H.  =  2-5.  G.  =  6-2B-6'44.  Luster  of  c  pearly, 
other  parts  resinous,  somewhat  adamantine.  Color  white,  passing  into  yellow, 
green,  or  gray.     Streak  nncolored.    Transparent  to  translucent. 

Comp.— Sulphato-carbonate  of  lead,  perliaps  4PbO.SO,.3CO,.H,0=Siilphnr 
trioside  7-4,  carbon  dioxide  8-2,  lead  oxide  82-7,  water  1'7  =  100. 

Pyr.,  etc.— B.B.  intiimesces,  fuses  at  1-6,  and  turns  yellow;  hut  heromes  white  on 
conliog.  Easily  reduced  nu  cliarcoal.  Wlrh  soda  affords  the  reaction  for  sulpfanric  acid. 
Effervesces  briskly  In  nitric  acid,  and  leaves  white  lead  sulphale  undissolved.  Yields  water 
la  the  closed  tube. 

Obs— Pound  ntLeadhllls,  with  other  ores  of  lead:  Red  QUI,  Cumberland;  at  Matlock, 
Derbyshire.  From  Ihe  Hala  Calzetta  lead  mine  near  Igletlas,  Snrdinla  (.maxiU).  Observed 
from  Arizona,  at  the  BchuU  gold  mine  with  wulfeuite.  vansdlnlte,  cenuailc;  partly  altered 
to  cerussite, 

SusANNiTE.  Regarded  nt  one  time  as  rhombobedTal  and  dimorphous  with  leadhltllie, 
but  probably  only  a  modlflcation  of  that  species.  From  the  SusaniM  mine,  Leadhllls,  in 
Scotland. 


30  DESCRlFTirE   HINEfiALOQy. 

Snlphohallta.  3NBiS0..3NaCl,  In  pale  greenish  jillow  dodecuLedrous.  From  Bumx 
I»kt,  8«o  Burnatdino  Co..  Cal. 

OaracoUW.  Peilmps  PbOH>Cl.Na,SO..  As  &  crvBUlline  lucnisUlloD.  ColorlcM. 
FroiQ  Aiaraui'i. 

Kainite.  MgSOt.ECt  -i-  8U,0.  Usually  grsnulftr  musive  and  \a  cniUs.  Color  while 
tu  dark  Ueati-ieii.     From  Stuosrurl:  EqIube,  Galicia. 

Oonnallite.  Piobahly  C'i1m'C1.0H),SOii.1oHiO.  CrysialB  sleuder,  liexagonal  priauis 
(t'ig.  HiH,  p.  flS|.     (Jolor  dne  blue.     From  Coniwall. 

SpaiigoUt«.  A  blKLIf  liuBic  stilplialc  of  ulumiDlum  aud  copper,  Cii.AlCISOio.&If  ,0.  In 
rliii'k  g!Keu  lieiBguDal  crjBUl)  (litiiniuioiplitc),  tabular  or  Bliorl  prismatic.  From  llie  uelgh- 
Imrliood  oF  Tombstone,  AnEotia. 

Bankilta.  &Na,BO,.2NaiCOi.KCi.  lu  liexagoual  prisma,  sbon  priMnalic  tc  tabular: 
also  io  ((Ut>ri7^JdB  (Figs.  iHrj,  203,  p.  09).  Coior  nbiie  to  yellow.  From  Bom  Lftke,  tjan 
BcrnnrdiQu  Co.,  California;  also  from  Death  Valley,  Inyo  Co. 


I 


.  Acid  and  Basic  Sulphates. 

iuIpLalc,  HKSO,.    lu  silky  fibers  of  a  wMte  o 


BROOHANTTTE. 

Orthorhombic.     Aim  S  :  i  :  i  =  07739  ;  1  :  0-4871. 

In  groups  or  prismatic  acicular  cryataU  (mm'"  =  75°  38')  and  drnsy  cruets; 
maefiive  with  reniform  etructure. 

Cleavage:    b  very  perfect;    wi   in  traces.     Fracture  uneven.     H,  =  3'5-4. 

G.  —  :s-!iO?.     Luster  vitronus;    a  Utile  pearly  on  the  cleavage-face  b.      Color 

«inerald-green,  blackish  green.   Streak  paler  green.   Transparent  to  tranglncflnt. 

Comp.— A  basic  sulphate  of  copper,  CuS0,.3Cu(0H),  or  4CuO.SO,.3H,0  = 

Sulphur  trioside  17'7,  cnpric  oside  703,  water  120  —  100. 

Pyr.,  etc.— Yields  water,  aud  at  a  higher  tempemture  Eulptauiic  acid,  iu  tlie  clowd  tube, 
«nd  becomes  black.  B.B.  fuKs,  and  on  charcoal  affords  metallic  copper.  With  aodk  gives 
the  reacIiOD  for  sulphuric  acid. 

Oba,— Occurs  lu  the  Ural;  the  kOnigine  (or  kiinigiU)  was  from  Gumnhevsk;  near 
Itoiighten  Gill,  iu  Cumberland;  iu  Cornwall  (In  part  mitinglonite):  at  KezMnya;  in  small 
>ieds"  At  Krisuvig  in  Iceland  ikrminffUt):  in  Mexico  {hrongnartmey.  Atacama.  In  (he 
U.  Slates,  at  Monarch  mine,  Chnffee  Co.,  Colorado;  In  Utah,  Tinllc  district,  at  the  Uam- 
inotli  mine. 

LanarUte.  Basic  lead  aulphale,  PbiSOt-  Id  monocliDlc  crystals.  Color  greenish 
white,  pale  yellow  or  gray.    From  Leadhllls,  Scotland :  Siberia;  the  Harz. 

Dolerophanlte.  A  basic  cupric  sulphate.  CU|SOi{?).  In  small  brown  moDOcliDie 
crystals,    Frtm  Veauvius  (truptfoD  of  1868). 

Oaledonlte  A  basic  sulphate  of  lead  and  copper,  perhaps  2(Pb,Cu)0.80..HiO.  In 
small  prismntie  crystnU.  Color  deep  verdigris. green  or  bluish  green.  From  Leitdhtlli; 
Bed  Gill,  Cumberland,  etc.;  Inyo  Co.,  Cal. 

Unarlte.  A  haalc  sulphate  of  lead  and  copper,  (Pb,Cu)80..(Pb.CuX0H)i.  In  deep 
hliip  monoclinic  crystals.  Prom  Leadhills;  Cumberland;  the  Unl,  etc  Also  loyo  Co., 
California. 

Anti.eritr.  Perhaps  SCuBO..TCu(OH),.  Id  llgbt  green  soft  lumps.  From  the  Antler 
mine.  Hohave  Co.,  Arizona. 

Alomian.  Perhaps  Al,0>.280,.  White  crystalline  or  masaire.  Siefra  Alnapen, 
Spain, 


SULPHITBB,  CHBOUA.TBS,  ETC. 


C  normal  Hydrous  Sulphates. 


Three  well-characterized  gronpB  are  ioclnded  here.  Two  of  these,  the 
Epsouite  Qrocp  and  the  Melanterite  Obodp,  have  the  same  general 
formula,  RSO,  +  7H,0,  bat  in  the  first  the  crystallization  is  orthorhombic, 
in  the  second  monoclinic-  The  species  are  best  known  from  the  artificial 
crystals  of  the  laboratory;  the  native  minerals  are  rarely  crystallized.  Tliera 
is  also  the  isometric  Aluh  Obouf,  to  which  the  same  remark  is  applicable. 


B  of  Lu  Piedru, 


IHRABUJTB.    Glauber  Suit. 

Monoclinic.  Crystals  like  pyroxene  in  habit  and  angle.  TJsnally  in 
efBorescent  crusts. 

Cleavage:  a  perfect;  c,  b,  in  traces.  H.  =  1*5-2,  Q.  =  1*481.  Lnster 
vitreous.  Color  white.  Transparent  to  opaqne.  Taate  cool,  then  feebly 
saline  and  bitter. 

Gomp. — Hydrous  sodium  snlphate,  Na,SOj  +  lOH.O  =  Sulphur  triozide 
24-8,  soda  19'3,  water  55-9  =  100. 

Pyr.,  etc.— In  the  clused  tube  much  water;  give*  sd  Intense  vellowto  the  Bame.  Very 
flolulfle  111  nater.     Loses  Its  natei'  on  exposure  to  dry  all  and  fsllB  to  powder. 

Obs.— Occurs  at  Isclil,  Halbtadt,  and  Auasee  In  Upper  Auatrla;  also  In  Hungary. 
Swiizcrlnud.  IibIt;  at  the  hot  spduga  at  Carl '■bad,  .etc.  Large  quantttie*  of  this  sodium 
sulphate  are  oblatued  from  the  waters  of  Great  Bait  Leke.  Utah. 

Eleaerita.  HgBO.  +  H,0.  Usually  ma*itTe,  granular  to  compact.  Color  white, 
grayish,  yellontab.    From  Slaiafurt;  Hallstadt;  iDOia. 

SamlUU.  HnSO.  +  HiO.  SialscUtlc.  WhItUb,  reddish.  From  FelsObfinra,  Hun. 
gary. 


Axes  <t:i:i:  =  0-6899 

1:0-4124;  /J  =  80°  42'. 

mm 
cd. 
et. 

",110  a  ilo=s9a°aff. 

001  A  101  =  28*  IT. 
001  A  lOI  =  88°    8i'. 
00lAi03=ir  20-. 
oil  A  011  =  44*17*'. 

tr.    m  Alil  =  88'18'. 
nn',  111  A  in  =  41*  W. 
mi.   no  A  III  =49*   V. 
t»»,  110  A  ill  =  68'  15'. 

»7B. 

976.                      917. 

978. 
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^=k>^ 


Crystals  usually  simple  in  habit,  common  form  flattened  |  b  or  prismatic  to 
acicular  H  i;   again  prismatic  by  extension  of  I  (111).    Also  lenticular  by 
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rounding  of  I  (111)  aoil  e  (l03).  The  form  e  (T03),  whose  faces  are  dsi  . 
rough  and  convex,  is  nearly  at  right  anglea  to  the  vertical  asia  (edge  m/m'" ), 
hence  the  apparent  hemimorphic  chararter  of  the  twin  (Fig.  979).  Simple 
crystals  often  nith  warped  as  well  us  curved  surfaces.  Also  foliated  niasaive; 
lainellar-Bteliate;  often  granular  massive:  and  sometimee  nearly  impalpable. 
Twins:  tw.  pi.  a,  very  common,  often  the  familiar  swallow-tail  twine. 


Cleavage:  b  eminent,  yielding  easily  thin  polished  folia;  a  (100),  giving  a 
surface  with  conchoidal  fracture;  n  (111),  with  a  fibroas  fracture  l|  f  (Toi);  & 
cleavage  fragment  has  the  rhombic  form  of  Fig.  549,  p.  322,  witli  plane  an- 
gles of  06"  and  1H°,  H.=  l'5-2.  0.=  2'3l4-2-338,  when  in  pure  crystals.  Lus- 
ter of  b  pearly  and  shining,  other  faces  subvitreous.  Massive  varieties  often 
glistening,  sometimes  dull  earthy.  Color  usually  white;  sometimes  ktsv, 
flesh-red,  honey-yellow,  ocher-yellow,  blue;  impure  varieties  often  black, 
brown,  red,  or  reddish  hrown.     Streak  white.     Transparent  to  opaque. 

Optically  -f .  Ax.  pi.  H&,  and  Bx  A  <1  =  +  524"  (at  g--!"  C),  (cf.  Figs.  549, 
550,  p.  223).  Dispersion  p  /\v;  also  inclined  strong.  Bx^  A  Bx^  =  0°  ZQ'. 
2E,=  95°  U'  at  20".  ^,  =  l-a236,  y  -  a  =  0009.  On  the  effect  of  heat 
on  the  optical  properties,  see  p.  225. 

T«r. — 1.  Orsitaltiisd,  or  SeUitite;  colorleEs.  transpnreni:  in  distinct  crystals,  or  broad 
folia,  often  Urge.    Usuallj'  flexible  ftod  yielding  ti  filiruiis  fmuture  |  I  (101),  but  ilie  VBriety 


3.   Manm;  JlaAiuI^r.  nflue-grniucil  variety,  white  ordelicntdy  shaded;  earthg  ox  rwJt^ 
Syptvm,  a  dull-colored  rock,  often  impure  with  elny,  calcliini  cflrbonate  or  silica. 
Also,  ID  caves,  curious  curved  forma,  oflcu  gruuped  in  roeettea  auti  olljer  sliapes. 

Comp. — Hydrous  calcinm  sulphate,  CaSO,  +  2H,0  =  Sulphur  trioxide 
46-C,  lime  32-5,  water  209  =  100. 

Pyr.,  etc.— Id  the  closed  lube  gives  off  water  and  becomes  opaque.  Fusefi  at  8-5-3, 
calorlug  the  llame  [eddish  yellow.  For  otLer  reatllons  see  Anhtoritb.  p.  028.  iKuiled 
ai  H  [cni[>etatiir((  not  eireedlng  260"  C.  it  ngidu  wmihioes  with  water  when  mnisiened,  and 
becotnes  flrmly  aolld.     Soluble  in  hydrochloric  acid,  and  al^o  In  400  to  SOO  parta  uf  water. 

Diff.— Cljai'acterlzed  by  its  aoflness  In  all  varieties,  and  by  cleavages  Id  crystallized  kluda: 
It  does  not  effervesce  with  acids  like  calcite,  oor  gelatinize  Use  the  zeolites;  carder  ihaa  talc 
and  yields  much  water  In  the  tube. 

Obs.— Gypsum  often  forms  extenalve  beds  lu  connection  with  various  atmtifled  rocks, 
especially  limealones,  and  marlitea  or  clay  beds.  It  occurs  occasionally  In  crystalline 
rocks.  It  is  also  a  product  of  volcaaoes,  occurring  about  fumaroles,  or  where  Bulidtnr 
cases  are  escaping,  being  formed  from  the  sulphuric  add  generated,  and  the  lime  affcffded 
by  Ibe  decomposing  lavas.  It  la  also  produced  by  the  decomposition  of  pyrlte  when  lime 
i^  present.  Qypaum  is  also  deposited  on  tbe  evaporation  of  sea-water  and  brines,  in  which 
il  exists  in  solution. 

Fine  specimens  sre  found  In  tbe  salt  mines  of  Bex  in  Switzerland;  Hnll  in  Tyrol;  llie 
sulphur  mines  of  Sicily;  In  the  clay  of  Sbotover  Hill,  near  Oxford:  and  large  leutknilar 
crystals  at  Montmartre.  near  Paris.  A  nolcd  locality  of  aln.ba8ler  occurs  st  Cnsleltno. 
85  m.  from  Leghorn,  whence  II  Is  taken  to  Florence  fur  tbe  manufacture  of  vases, 
flgurea,  elc. 

Occiira  In  eitensive  beds  la  sevei-al  of  Ihn  Unlte<l  State",  and  more  particularly  N.  York, 
Ohio,  Illinois,  Virginia.  Tennessee,  nnd  Arkansns.  and  Is  usually  associated  with  wit 
springs,  also  with  roi^k  sail.     Also  on  a  large  scale  In  Nova  Scotia,  etc. 

Handsome  selenile  and  smrtsy  gypsum  orcur  in  N.  York,  near  Lockport  tn  ItmeatODe.' 
In  Maryland,  large  grouped  crystals  on  tbe  St.  Marv'a  in  clny.  In  Okie,  la^e  tranapannt 
cryEtala  hnvc  been  found  at  Ellawortb  and  Caiifleld." Trumbull  Co.  In  TVnn.,  wlenlte  ai>^ 
alabaster  In  Davidson  Co.  In  Kentuttty.  in  Mnmmolh  Cave,  it  has  the  forms  of  roaetles. 
or  flowers,  vlnei,  and  shrubbery.  Also  common  In  iso'ated  cryelals  and  masses,  ia  tbe 
Cretaceous  clays  In  the  western  1J.  S.  In  enormous  c^stala,  several  feet  In  lenglh,  in 
Wayne  Co.,  Utah.  -In  If.  Seotia.'la  Sussex.  Kings  Co.,  large  single  and  grouped  crytfat*. 
Vhlch  mostly  cutitaln  much  symmetrically  dlssemluateil  sand. 
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Numed  from  yut/foi,  the  Qreek  for  the  mineral,  but  more  especially  for  the  calcined  min* 
enil.  The  derivuiiou  ordinarily  suggested,  from  y^,  earth,  and  ei/fetv,  to  cook,  corresponds 
with  this,  the  most  common  use  of  the  word  among  the  Greeks. 

Burnt  gypsum  is  called  Plaster  of -Paris,  because  the  Montmartre  gypsum  quarries,  near 
Paris,  are.  nod  have  long  been,  famous  for  affording  it. 

nesite.  (Mn,Zn,Fe)S04  +  4H|0.  In  loosely  adherent  aggregates.  Color  clear  green. 
From  Colorado. 


Epsomite  Group.     ESO,  +  7H,0.     Orthorhombic. 

Epsomite  MgSO,  +  7H,0  d:h:i  =  0-9902  :  1  :  0*5709 

(Fe,Mg)SO,+  7H.O 
Goslarite  ZnSO,  +  7H,0  0-9807  :  1  :  0-5631 

Ferro-goslarite        (Zn,Fe)SO,  +  7H,0 
Morenosite  NiSO,  +  7H,0  0-9816  :  1  : 0-5655 

EPSOMITB.    Epsom  Salt. 

Orthorhombic.  Usaally  in  botryoidal  masses  and  delicately  fibrons  crusts. 
Cleavage:  b  very  perfect.  Fracture  conchoidal.  H.  =  2*0-2-5.  G.  =  1-751. 
Luster  vitreous  to  earthy.  Streak  and  color  white.  Transparent  to  trans- 
lucent.    Taste  bitter  and  saline. 

Comp. — Hydrous  magnesium  sulphate,  MgSO^  +  7H,0  =  Sulphur  trioxide 
32-5,  magnesia  16  3,  water  51*2  =  100. 

Obs. — Common  in  mineral  waters,  and  as  a  delicate  fibrous  or  capillary  efflorescence  on 
rocks,  in  the  galleries  of  mines,  and  elsewhere.  In  the  former  state  it  exists  at  Epsom, 
England,  und  at  Sedlitz  and  Stiidschitz  (or  Saidschtitz)  in  Bohemia.  At  Idria  in  Carniola 
it  occurs  in  silky  fibers,  and  is  hence  called  hairaalt  by  the  workmen.  Also  obtained  at  the 
gypsum  quarries  of  Montmartre,  near  Paris.  Also  found  at  Vesuvius,  at  the  eruptions  uf 
1«50  and  1855. 

The  floors  of  the  limestone  caves  of  Kentucky,  Tennessee,  and  Indiana,  are  in  many 
instances  covered  with  epsomite,  in  minute  crystals,  mingled  with  the  earth.  In  the 
Mammoth  Cave,  Ky..  it  adheres  to  the  roof  in  loose  masses  like  snowballs. 

Qcslarite.  ZnSO*  -f  7H,0.  Commonly  massive.  Color  white,  reddish,  yellowish. 
Formed  by  \he  decomposition  of  sphalerite,  and  found  in  the  passages  of  mines,  as  at  the 
Bummelsberg  mine  near  Gosliir,  in  the  Hai-z,  etc.  In  Montana  at  the  Gagnon  mine, 
Butte.  Ferrogoslante  (4*9  p.  c.  FeS04)  occurs  with  sphalerite  at  Webb  City,  Jasper  Co., 
Missouri. 

Morenosite.  NiSO«-f-7HaO.  In  acicular  crystals;  also  fibrous,  as  an  efflorescence. 
Color  npple-green  to  greenish  white.  A  result  of  the  alteration  of  nickel  ores,  as  near 
Cape  Hortegal,  in  Galicia;  Riechelsdorf,  in  Hesse,  etc. 


Melanterite  Group.     ESO^  +  7H,0.     Monoclinic. 

Melanterite  FeSO,  +  7H,0      a:i:d  =  11828  :  1  :  15427    ft  =  75^  44' 

Luckite  (Fe,Mn)SO,  +  7H,0 

Mailardite  MnSO,  +  7H,0 

Pisanite  (Fe,Cu)SO,  +  7H,0  1-1609  :  1  :  1  5110  74°  38' 

Bieberite  CoSO,  +  711,0  1'1815  :  1  :  1-5325  75°  20' 

Cupromagnesite  (Cu,Mg)SO,  +  7H,0 
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Chileanthita  CoSO«  +  5H,0  Triclinio 

d( :  X  :  <!  =  0-6666  :  1  :  0-5507;  a  =  82**  21',  fi  =  73''  11',  y  =  77"*  37' 

The  species  faere  indnded  are  the  ordinary  vitriols.    They  are  identical  in 

Sneral  formnla  with  the  species  of  the.Epsomite  group,  and  are  regarded  a» 
e  same  compound  essentially  under  oblique  crystallization.  The  copper 
sulphate  diyerges  from  the  others  in  crystallization,  and  contains  but  5 
of  water. 

IIBUU9TBRITB.    Copperas. 

Monoclinic.  Usually  capillary,  fibrous,  stalactitic,  and  concretionary; 
also  massive,  pulverulent.  Cleavage:  c  perfect;  m  less  so.  Fracture  con* 
ohoidal.  Brittle.  H.  =2.  G.  =  1-89-1 '90.  Luster  vitreous.  Color,  varioua 
shades  of  ereen,  passing  into  white;  becoming  yellowish  on  ezposnre* 
Streak  uncoiored.  Subtransparent  to  translucent.  Taste  sweetish,  astringent^ 
and  metallic. 

Comp. — Hydrous  ferrous  sulphate,  FeSO«  +  7H,0  =  Sulphur  trioxide  28-8, 
iron  protoxide  26*9,  water  46*3  =  100.  Manganese  and  magnesium  sometimea 
replace  part  of  the  iron. 

Obs. — Proceeds  from  the  decomposition  of  pyrlte  or  marcasite;  thus  near  Goshur  in  the 
Harz;  Bodenmais  in  Bamria;  Fklun,  Sweden,  and  elsewhere.  Usually  accompanies  pjrite 
in  the  U.  States,  ns  an  efflorescence.  Luekiis  (1*9  p.  c.  HnO)  is  from  the  "  Lucky  Bc^'' 
mine,  Butteifleld  Cafion,  Utah. 

Mallardite.  MnSO«  +  THtO.  fibrous,  massive;  colorless.  From  the  mine  "Lucky 
Boy,"  south  of  Salt  Lake,  Utah. 

Plsanite.  (Fe,Ca)804  +  THtO.  CuO  10  to  15  p.  c  In  concretionary  and  stalactllle 
forms.    Color  blue.    From  Turkey. 

Salyadoritb.  a  copper-iron  Titriol  near  pisanlte.  From  the  Salvador  mine 
Queteoa,  Chili. 

Bieberite.  C0SO4  +  THsO.  Usually  in  stalactites  and  crusts.  Color  flesh*  and  rose* 
red.    From  Bieber,  in  Hesse,  etc.     CupromagneHU  is  from  Vesuvius. 


OHALOANTHITB.    Blue  Vitriol.     Eupfervitriol  Oerm. 

Triclinio.  Crystals  commonly  flattened  ||  i»  (111)  (Figs.  339-341,  p.  109). 
Occurs  also  massive,  stalactitic,  reniform,  sometimes  with  fibrous  structure. 

Cleavage:  My  m,  p  imperfect.  Fracture  conchoidal.  Brittle.  H.  =  2'5» 
6.  =  212-2  30.  Luster  vitreous.  Color  Berlin-blue  to  sky-blue,  of  different 
shades;  sometimes  a  little  greenish.  Streak  uncoiored.  Subtransparent  to 
translucent.     Taste  metallic  and  nauseous. 

Comp.— Hydrous  cupric  sulphate,  CuSO,  -f  5H,0  =  Sulphur  trioxide  32*1, 
cupric  oxide  31*8,  water  36  1  =  100. 

P3rr.,  etc.— In  the  closed  tube  yields  water,  and  at  a  higher  temperature  sulphur  tri- 
oxide. B.B.  with  soda  on  charcoal  yields  metallic  copper.  With  the  fluxes  reacts  for 
copper.  Soluble  in  water;  a  drop  of  the  solution  placed  on  a  surface  of  iron  coats  it  with 
metallic  copper. 

Obs.— Found  in  waters  issuing  from  mines  and  in  connection  with  rocks  contaioiog 
chalcopyrite,  by  the  alteration  of  which  it  is  formed;  thus  at  the  Rammelsben?  raine  near 
Ck)slar  in  the  Harz:  Falun  in  Sweden;  Parys  mine.  Angleseii;  at  various  mines  in  Co.  of 
Wicklow;  Rio  Tinto  mine.  Spain.  From  the  Hiwnssee  copper  mine,  also  in  larjire  quan- 
tities at  other  mines,  in  Polk  Co.,  Tennessee.  In  Arizona,  near  Clifton,  Graham  Co.,  and 
Jerome.  Yavapai  Co. 

Syngenite.  Kaluszite.  CRS04.KaS04  -f  HaO.  In  prismatic  (monoclinic)  crystals. 
Colorless  or  milky-white.    From  Ealusz.  Gulicia. 
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lidweite.  MgS6«.Na«804  +  SiH.O.  Massive,  cleavable.  Color  pale  yellow.  From 
IschI,  Austria. 

B15dite.  MgS0«.NasS04  +  ^HsO.  Crystals  short  prismatic,  monoclinic;  also  massive 
graoular  or  compact.  Colorless  to  greenish,  yellowish,  red.  From  the  salt  mines  of  Ischl; 
at  Hallstadt  {simonpiU);  at  Stassfurt;  the  salt  lakes  of  Astrakhan  (astrakanite),  Asia;  India; 
Cbili,  etc. 

I«eonite.  MgSOi.E&SOi  +  4H3O.  In  monoclinic  crystals  from  Westeregeln  and  Leo> 
poldshall,  Germany. 

Boussingaultite.    (NH4)iS04.MgS04  +  6HsO.    From  the  boric  acid  lagoons,  Tuscany. 

Picromerite.  MgS04.KsS04  + 6H1O.  As  a  white  crystalline  incrustation.  From 
Vesuvius  with  cyanoehroite,  an  isomorphous  species  in  which  copper  replaces  the  mag- 
nesium.    Also  at  Stassfurt  (Me?ioenite);  at  Aschersleben ;  Galusz  in  East  Galicia. 

Polyhalite.  2CaSO4.Mg8O4.E9 SO «  +  2H,0.  Usually  in  compact  fibrous  or  lamellar 
masses.  Color  flesh-  or  brick-red.  Occurs  at  the  mines  of  Ischl,  Hallstadt,  etc.,  in  Aus- 
tria; Berchtesgaden,  Bavaria;  Stassfurt.. 


Alum  Group.    Isometric. 


RAI(SO,),  +  12H,0  or  K,S0,.A1,(S0J,  +  24H.O. 

Kalinite  Potash  Alum  KA1(S0 J.  +  12H,0 

Tsohermigita  Ammonia  Alum  (NHJ A1(S0J,  +  12H,0 

Mendorite  Soda  Alum  NaAl(SOJ,  +  12H,0 

The  Alums  proper  are  isometric  in  crystallization  and,  chemically,  are 
hydrous  sulphates  of  aluminium  with  an  alkali  metal  and  12  (i.e.,  if  the  for- 
mula is  doubled^  24)  molecules  of  water.  The  species  here  included  occur 
very  sparingly  in  nature,  and  are  best  known  in  artificial  form  in  the 
laboratory. 

The  Halotrichites  are  oblique  in  crystallization,  very  commonly  fibroug 
in  structure,  and  are  hydrous  sulphates  of  aluminium  with  magnesium,  mang> 
anese,  etc.;  the  amount  of  water  in  some  cases  is  given  as  22  molecules,  and  in 
others  24,  but  it  is  not  always  easy  to  decide  between  the  two.    Here  belong: 

Pickeringite.     Magnesia  Alum.     MgS04.Ali(S04)s  +  22H9O.     In  long  fibrous  masses; 
and  in  efflorescences. 

Halotrichite.    Iron   Alum.     FeS04.Al,(804)« -f  24HtO.    In  yellowish  silky  fibrous 
forms. 

Ap(fohnlte.       Manganese    Alum.       MnS04.Als(804)a  +  24HaO.       Biishmanite   con- 
tains MgO.     In  fibrous  or  asbestiform  masses;  also  as  crusts  and  efflorescences. 

Dietrlchite.     (Zn,Fe.Mn)S04.  Al,(S04)s  +  22H,0. 

Masritb.    a  fibrous  alum  from  Egypt  supposed  to  contain  a  new  element,  masrium. 


Ooqulmbite.  FeafSO*)!  4- 9H,0.  Hhombohedral.  Granular  massive.  Color  white, 
yellowish,  brownish.   From  the  Tierra  Amarilla  near  Copiapo.  Chili  (not  from  Coquimbo.) 

Qnenstedtite.  Fe,(804)i  +  10H,O.  In  reddish  tabular  crystals.  With  coquimb- 
ite  Chili. 

Ihlfiite.  Fe/804)8  +  12HiO?  An  orange-yellow  efflorescence  on  graphite.  From 
Mugran.  Bohemia. 

Alnnoqren  Al9^804)3  -f  18H,0.  Usiiallv  in  delicate  fibrous  masses  or  cnists;  massive. 
Color  whi»e,  or  tinged  with  yellow  or  red.  From  near  Bilin,  Bohemia;  Bodonmais;  Pnster- 
thal,  Tyrol. 
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Srfihiikito.    Cu80«.Nfti80«  +  SH,0.     Maadfe,  eoandy  fibious.    Color  asiire-IiliM. 
From  Calauui,  Atmcamm. 

Phiujpitk.  Perhape  Oa80«.Fet(S04)a  +  fiHtO.  In  Uae  fibrous  inanct,  Chili.  Flomid 
at  tlie  copper  miiiet  iu  the  Cordilleiaa  of  CoDde%  proTinoe  of  Santiago,  ChilL 

Fenronatrite.    8Nat804.Fet(SO«)t  +  6HtO.    Rarely  in  adcalar  crrstala;  anuJ^  In 

apherical  forma.    Color  greenUi  or  gimy  to  white.    From  Siena  Gorda  near  Ctoaeolc^ 
Chili.  o  o-v  — » 

BSoMriU.    Perhaps  FBBO«.Fe«(80«)a+12HtO.    In  tabahur  ayatak;  gramdar. 
Color  chesuut-brown.    From  Goelar  in  the  Hars;  Peiaia.  ChilL 


Basic  Hydrous  Sulphates. 

IrfuigUa.  Near  brochanUte.  CiiS0«.8CuK)H)i  +  HtO.  Uaoally  in  fibn>4aiBelltt; 
concretionary  cnistt.    Color  blue  to  greeniah  biu«.    From  Cornwall. 

Banrwignnidite.  3(CuOH).80«.Cu(OH)t  -f  8HtO  with  ooe-flfth  of  the  copper  replaced 
b¥  calcium.  In  thin  tabular  crystals;  usually  in  qiherical  groups.  Color  emerald*green, 
bluish  green.    From  Uerrengrund,  Hungary. 

Xanuureaite.    A  hydrous  basic  copper  sulphate  from  Laurion,  Qreece. 

Ojranotiicliite.  Lettsomite.  PerhaDs4CuO.AltOa.80a.8HiO.  In  Telvet-like  dnuea;  In 
apherical  forms.  Color  brigbt  blue.  From  Moldawa  in  tbe  Banat;  C^>  Qaronne,  France; 
In  Utah  and  Arizona. 

Ssrpiarite.  A  basic  sulphate  of  copper  and  sine  In  minute  ciyttala»  tabular^  in  tnflu 
Color  bluish  green.    FromLaurion,  Greece. 


Monoclinic.  XJsnally  in  loofle  aggregations  of  crystalline  scales,  or  granular 
massive;  incmsting. 

Cleavage:  ft  (010).  H.  =  2*5.    G.  =  2-103.    Luster  pearly.   Color  Bnlphnr- 

yellow,  citron-yellow.     Translucent. 

Comp.— A  basic  ferric  sulphate,  perhaps  2Fe,0,.5SO,.18H,0  =  Sulphur 
trioxide  38-3,  iron  sesquioxide  306,  water  31*1  =  100. 

Misy  is  an  old  term,  which  bas  been  soniewbat  yaguely  applied.  It  seems  to  belong  in 
part  here  and  in  part  also  to  other  related  8|>ecies. 

Pjrr.,  etc.-— Yields  water,  and  at  a  liigber  temperature  sulphuric  acid.  On  charcoal 
becomes  magnetic,  and  with  soda  affords  the  reaction  for  sulphuric  acid.  With  the  fluxes 
reacts  for  iron.    Soluble  in  water,  and  decomposed  by  boiling  water. 

Obs.-— The  original  copiapite  was  from  Copiapo,  Chili. 

Other  hydrated  ferric  sulphates: 

Castanite.     Pe,0,.280j.8HaO.     Color  chestnut-brown.     Prom  Sierra  Gorda,  Chili. 

UUhite.  8Fe,03.2SOs.7H.O.  In  aggregates  of  fine  scales.  Color  orange-yellow 
Prom  the  Tintic  distr.,  Utah. 

Amarantite.  Fe,0,.2SO,.7HaO.  Usually  in  columnar  or  bladed  masses,  also  radhited. 
Color  amaranth-red.  From  near  Caracoles,  Chili.  Hohmanniie  is  the  same  partially 
altered;  this  is  probably  also  true  of  paponte. 

Flbroferrito.  PcaOj.SSOj.  lOHaO.  In  delicately  fibrous  aggregates.  Color  pale  yellow, 
nearly  white.     Prom  the  Tierra  Amarilla  near  Copiapo,  Chili. 

Raimondite.  2Pe90s.8SOa  THsO.  In  thin  six-sided  tables.  Color  between  honey-  and 
ocher- yellow.     Prom  the  i in  mines  of  Ehrenfriedersdorf ;  mines  of  Bolivia. 

Oarphofllderite.  8PcsOa.4SOs.l0H9O.  In  reniform  masses,  and  incrustations;  also  in 
micaceous  lamellsB.     Color  straw-yellow.     Prom  Greenland. 

Glockerite.  2Pe,Os.S03.6HaO.  Massive,  sparry  or  earthy:  stalactitic.  Color  brown 
to  ocher-yellow  to  pitch-black;  dull  green.     Prom  Goslar  and  Modum. 

Knoxvillite.  A  hydrous  basic  sulphate  of  chromium,  ferric  iron,  and  aluminium.  In 
rhombic  plates.  Color  greenish  yellow.  Prom  the  Redington  mercury  mine,  Knozville, 
California. 
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Rbdinotonitk.  a  hydrous  chromium  sulphate,  io  finely  fibrous  masses  of  a  pale 
purple  color.    Same  locality  as  kooxvillite. 

03rpruaite.  Perhaps  7Fe,O,.AliO».10SOi.l4HiO.  An  aggregation  of  microscopic 
crystals.     Color  yellowish.    From  the  island  of  Cyprus. 

Aluminite  (Websterite).  AUOi.SOa.QHiO.  Usually  in  white  earthy  reniform  masses, 
compact.     Froiu  near  Halle,  in  clay:  also  at  Newhaven,  Sussex,  and  elsewhere. 

Paraluminite.     Near  aluminite.  but  supposed  to  be  2AUOi.SOi.l5HiO. 

Felsdbanyite.  SAUOs.SOs.lOHaO.  Massive;  in  scaly  concretions.  Color  snow-white. 
From  near  FelsObdnya,  Hungary. 

Botryogen.    Perhaps  MgO.FeO.Fe«Oi  4SOi.l8HtO.   Ushally  in  reniform  and  botryoidal 
shapes.     Color  deep  hyacinth-red,  ocher-yellow.     From  Falun,  Sweden;  also  from  Persia. 

Sideronatrite.  2Na9O.Fe9O348O3.7H1O.  Fibrous,  massive.  Color  yellow.  From  the 
province  of  Tarapaca.  Chili.  Also  on  the  Urus  plateau,  near  Sarakaya,  on  the  island, 
Chelekeu,  in  the  Caspian  Sea  (urusite). 

Voltaite.  Perhaps  5(K9,Fe)O.2(Al.Fe)iO,.10SO3.15H9O.  In  octahedrons,  etc.  Color 
dull  oil-green  to  bro^n  or  black.     From  the  solfatara  near  Naples;  also  Persia. 

MeUvoltine.  Perhaps  5(E3.Na9,Fe)0.8Fe90i.l2S03.18H90.  In  aggregates  of  minute 
yellow  scales.    Occurs  with  voltaite  in  Persia. 

AliUNITE.    Alumstone.     Alaunstein. 

Rhombohedral.  Axis  i  =  1*2520.  In  rhombohedrons,  resembling  cubes 
(^rr'  =  90°  50').  Also  massive,  having  a  fibrous,  granular,  or  impalpable 
texture. 

Cleavage:  c  distinct;  r  in  traces.  Fracture  flat  conchoidal,  uneven;  of 
massive  varieties  splintery;  and  sometimes  earthy.  Brittle.  H.  =  3*5-4.  G. 
=  3-58-2-752.  Luster  of  r  vitreous,  basal  plane  somewhat  pearly.  Color  white, 
sometimes  grayish  or  reddish.  Streak  white.  Transparent  to  subtranslucent. 
Optically  positive. 

Comp. —Hydrous  sulphate  of  aluminium  and  potassium,  K,0.3A1,0,.4S0,. 
€H,0  =  Sulphur  trioxide  38-6.  alumina  37*0,  potash  11-4,  water  13  0  =  100* 
The  formula  may  be  written  K(A10),(S0,),  +  3H,. 

Pyr.,  etc. — B.B.  decrepitates,  and  is  infusible.  In  the  closed  tube  yields  water,  some- 
times also  ammonium  sulphate,  and  at  a  higher  temperature  sulphurous  and  sulphuric 
oxides.  Heated  with  cobalt  solution  affords  a  fine  blue  color.  With  soda  and  charcoal 
infusible,  but  yields  a  hepatic  mass.     Soluble  in  sulphuric  acid. 

Obs.— Forms  seams  in  trachytic  and  allied  rocks,  where  it  has  been  formed  as  a  result 
of  the  alteration  of  the  rock  by  means  of  sulphurous  vapors:  as  at  Tolfa,  near  Civita 
Vecchia;  in  Hungary;  on  Milo,  Grecian  Archipelago;  at  Mt.  Dore,  France.  In  llie  U.  8., 
associated  with  diaspore,  in  rhombohedral  crystals,  tabular  through  the  presence  of  e  (0001) 
at  the  Rosila  Hills,  Custer  Co.,  Colorado. 

JAROSITE.     Qelbeisenerz. 

Rhombohedral.  Axis  6  =  1-2492;  rr'  =  90^  45',  cr  =  55°  16'.  Often  in 
druses  of  minute  crystals;  also  fibrous,  granular  massive;  in  nodules,  or  as  an 
incrustation. 

Cleavage:  c  distinct.  Fracture  uneven.  Brittle.  H.  =  2*5-3  5.  G.  =  3*15- 
326  cryst.  Luster  vitreous  to  subadamantine ;  brilliant,  also  dull.  Color 
ocher-yellow,  yellowish  brown,  clove-brown.     Streak  vellow,  shining. 

Comp.— K;0.3Fe,0,.4SO,.6H,0  =:  Sulphur  trioxide  31-9,  iron  sesquioxide 
47-9,  potash  9  4,  water  lO'S  =  100.  The  formula  may  be  written  K(FeO).(SO,), 
+  3H,0. 

Obs. — The  original  Qelbeisenerz  was  from  Luschitz,  between  Kolosonik  and  Bilin, 
Bohemia,  in  brown  coal;  and  later  from  Modum,  Norway,  in  alum  slate.  The  iarosite  was 
from  Barranco  Jaroso,  in  the  Sierra  Almaprera.  Snnin:  also  from  other  points.  In  the  U.  8., 
on  quartz  in  the  Vulture  mine,  Arizona;  in  Chaffee  County,  Col.;  Tintic  district,  Utah. 


las  jm0KitTm  MonauoMTk 

Iftwigito.    P«riuip8  KtO.aA1tOt.480s.9HtO.    In  loooded  maam»  similar  to  twm^wwi 
ftlonita.    Foimd  in  a  ooal  bed  al  Twbne  in  Upper  Slleda;  ilao  with  alonite  al  T61f«. 

Bttiiaglte.    P^riiapi  MiO.AltOt.880t.MHtO.    In  minute  oolorlem  adcnlar  erfma^ 
Tnm  Umeatone-inclunons  in  lava,  near  Mayea,  Rbeidth  Pmaria. 

QnelMiite.    MgO.FetOt.<SOt.l8HtO.    Mutltf^  in  indistinct  ciystals.    (Mtxt  raddbh 
brown.    From  Quetena,  ChllL 

ghmahwiintto.    8Zn80«.4Ztt(OH)t.6A](OH)t  +  SHtO.    In  minute  bengooal   pistes. 
Color  wblte,  bluidi.    Fiom  Launon,  Qteeoe. 

lohanaite.    A  hjdrous  solpbate  of  uranium  and  copper.    In  druses  or  veniform  mawsri 
of  a  green  color.    From  JToidiimslhal. 

Vnmopilile.    Ftebaps  OaUtStOti.ttl^HtO.    In  Yelyely  incrustations ;  y^low.    Wtom 
Jobsimgeorgenstadt. 

Zippta$t  wtfiiamiUt  wroMnitk  are  uncertain  uranium  sulphates^  also  from  Joa<ih!mtlaJ> 


TelluratM;  alio  Telliirltoii  Selenitai. 

Montanite.    BitOt.TeOt.SHtO.    In  eartby  incrustations;  yellowish  to  white.    Wwom 
Highland,  Montana,  with  t^tradymite. 

BauaonsUo.    Probably  a  hydiated  ferric  tellurite.    In  thin  yellow-green  soalei.    #koBi 
hear  Tombstone,  Arisona. 

OardeBlto.    Hydrous  ferric  tdlurite,  Fet(TeOt)t  +  4HtO.     In  small  mamminatsf 
forms;  greenish  yellow.    Honduras. 


OhalnomentU.    Hydrous  eupHc  selentte,  Cu8eOt  +  ffltO.    In  small  blue  wmo^ttiift 
mystals.    From  the  Oerro  de  Cacheuta,  Argentina,  with  sHver,  copper  selenides. 

MoLTBDOKBinTi  i«  Icsd  s^enltc  and  Oobaiaomxhitb  probably  cobalt  selenlla,  irott 
the  same  locality  as  cbalcomenlte. 
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Oxygen  Salts. 

7.  TUNOSTATES,  MOLTBDATES. 

The  monoclinic  Wolframite  Qroup  and  the  tetragonal  Scheelite  Oroup  are 
included  here. 


Wolframite 
Hiibnerite 


Wolframite  Group. 

(Pe,Mn)WO,         d  :  i  :  (J  =  0-8300  :  1  :  0*8678 
MnWO,  0-8362  :  1  :  0*8668 


89°  7^^^ 


fit' 


f» 


WOLFRABCrrB.    Wolfram. 
Monoclinic.    Axes:  d  :  i  :  #  =  08300  :  1  :  0-8678;  /J  =  89°  22'. 

mm"\  110  A  liO  =  79'  23'.       ay'.  100  a  102  =  62"  54'.  »80. 

at,     100  A  102  =  er  w.     jr',  on  a  oil  =  sr  64'. 

Twins:  (1)  tw.  axis  k  with  a  as  comp.-face;  (2)  tw. 

rl.  h  (023),  Fig.  419,  p.  130.  Crystals  commonly  tabular 
a\  also  prismatic.  Faces  in  prismatic  zone  vertically 
striated.  Often  bladed,  lamellar,  coarse  divergent 
columnar,  granular. 

Cleavage  :  h  very  perfect;  also  parting  ||  n,  and 
It  (102).  Fracture  uneven.  Brittle.  .  H.  =  5-5*5. 
G.  =  7*2-7'5.  Luster  submetallic.  Color  dark  grayish 
or  brownish  black.  Streak  nearly  black.  Opaque. 
Sometimes  weakly  magnetic. 

Comp.,  Tar.— Tungstate  of  iron  and  manganese  (Fe,Mn)WO^.Fe  :  Mn  = 
chiefly  4  :  I  (FeO  18-9,  MnO  4-7  p.  c.)  and  2  :  3  (FeO  95,  MnO  14-0). 

Pyr.,  etc.— Fuses  B.B.  easily  (P.  =  25-8)  to  a  globule,  which  has  a  crystalline  surface 
and  is  magDetic.  With  salt  of  phosphorus  gives  a  clear  reddish  yellow  glass  while  hot, 
-which  is  paler  on  cooling;  in  H.F.  becomes  dark  red;  on  charcoal  with  tin,  if  not  to<v 
saturated,  the  bead  assumes  on  coolinc:  a  green  color,  which  continued  treatment  in  R  F. 
changes  to  reddish  yellow.  With  soda  and  niter  on  platinum  foil  fuses  to  a  bluish  greei> 
mauganate.  Decomposed  by  aqua  regia  with  separation  of  tungstic  acid  as  a  yellow 
powder.  Sufficiently  decomposed  by  concentrated  sulphuric  acid,  or  even  hydrochloric 
acid,  to  give  a  colorless  solution,  which,  treated  with  metallic  zinc,  becomes  intensely  blue,, 
but  soon  bleaches  on  dilution. 

Oba.— Wolframite  is  often  associated  with  tin  ores;  also  in  quartz,  with  native  bismuth » 
scheelite,  pyrite,  galena,  sphalerite,  etc.  In  fine  crystals  at  Schlnckenwald,  Zinnwald; 
Schneeberg,  Freiberg,  Altenberg;  at  Nerchinsk,  Siberia:  Chanteloup,  near  Limoges, 
France;  near  Redruth  and  elsewhere  in  Cornwall  with  tin  ores.  In  S.  America,  at  Oruio 
in  Bolivia     With  tin  stone  at  various  points  in  New  South  Wales. 

In  the  U.  States  at  Lane's  mine.  Monroe.  Conn.;  Flowe  mine,  Mecklenburg  Co.,  N.  C. 
with  scheelite;  in  Missouri,  near  Mine  la  Motte. 

Hiibnerite.  Near  wolframite,  but  containine  20  to  26  p.  c.  MnO.  Usually  in  blad*  d 
forms,  rarely  in  distinct  terminated  crystals.    Color  brownish  red  to  hair-brown  to  nearly 
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black.  Straik  yellowish  brown,  grecniili  gnj.  Often  tnnslaeent  MunmoUi  dliL, 
JTefttda;  Oaniy  CounQr,  Col.;  neer  Silvaton,  8mi  Juan  Ca;  Bbck  Hfllt,  &  DttkoCa*  oie. 
Alio  in  Pern,  and  in  modoehnMile  at  Aderridle  in  tba  ^jrreneea. 


Gnprotiuigftito 

Gnproecheelite 
Towtllita 
ttdsita 
Wnlfeiiito 


Scheellie  Oroap.  TetngonfttpynunidaL 

CaWO,  piT  (111  A  111)  ^  79**  55i'    t  =  1-5360 

CuWO, 

(Oa,Cu)WO, 

Cft(Mo,W)0,  80**   1' 

PbWO,  80**  15' 

PbMoO,  80**  22' 


b 
i 
6 


1*5445 
1-5667 
1-5771 


The  ScHEBLTTS  Oboup  indades  the  tuDgsttttes  and  molybdates  of  caloitun 
«nd  lead ;  ako  copper.  In  crystallisation  the?  belong  to  the  Pyramidal  Oroap 
of  the  Tetragonal  Syatent    Wnlfenite  ia  probably  hemimorphic 


Tetragonal-pyramidaL    Axis  t  =  1*5356. 

«•,  101  A  Oil  =  W  40^'. 
«#,  001  A  101  =  W  56'. 

981.  982. 


flp^.  111  A  ill 
cp,   001  A  III 


65*  15*'. 


986. 


Forms:    <?  (102),     « (101),     /?  (118),    p  (111),     A;  (515),    A  (313).     #,(131). 

Twins:  (1)  tw.  pi.  a,  both  contact-  and  penetration-twins  (Fig.  378, 
p.  125).  llabit  octahedral,  also  tabular.  Symmetry  shown  by  faces  k^  A,  s 
{Fig.  983).     Also  reniform  with  columnar  structure;  massive  granular. 

Cleavage:  p  (111)  most  distinct;  e  (101)  interrupted.  Fracture  uneven. 
Brittle.  II.  =  4*5-5.  G.  =  5*9-61.  Luster  vitreous,  inclining  to  adamantine. 
Color  white,  yellowish  white,  pale  yellow,  brownish,  greenish,  reddish.  Streak 
-white.  Transparent  to  translucent.  Optically  +.  Indices:  oo^  =  1-918. 
Cr  =  1-934. 

Comp.— Calcium  tungstate,  CaWO,  =  Tungsten  trioxide  80*6,  lime  19 '4 
=  100. 

Molybdeuum  is  usually  present  (to  8  p.  c).  Copper  may  replace  calcium,  see  cupro- 
sclicelite. 

P3rr.,  etc. — B.B.  in  the  forceps  fuses  at  5  to  a  semi-transparent  glass.  Soluble  with 
borax  to  u  transparent  glass,  which  afterward  becomes  opaque  and  crystalline.  With  salt 
of  phosphorus  forms  a  glass,  colorless  in  outer  flame,  in  inner  green  when  hot.  and  floe 
blue  when  cold  ;  varieties  containing  iron  require  to  be  treated  on  charcoal  with  tin  before 
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the  blue  color  appears.  In  hydrochloric  or  nitric  acid  decomposed,  leaving  a  yellow 
powder  soluble  iu  ammonia. 

Obi. — Scheelite  is  usually  associated  with  crystalline  rocks,  and  is  commonly  found  in 
connection  with  cassiterite,  topaz,  fluorite,  apatite,  molybdenite,  or  wolframite,  iu  quartz-; 
also  associated  with  gold.  Thus  at  Schlackeuwald  and  Ziunwald,  Bohemia;  Altenbere^ 
Saxony;  Kiesen^rund  in  the  Riesengebirge;  the  Enappenwand  in  the  Untersulzbachthal, 
Tyrol;  Curiock  Fells  in  Cumberland;  Traversella  in  Piedmont;  Meymac,  Corr^ze.  France^ 
(containing  ThsOa);  Sweden;  Pitkftrauta  in  Finland.  In  New  South  Wales,  at  Adelong.. 
from  a  gold  mine;  New  Zealand,  massive;  Mt.  Ramsay,  Tasmania,  with  cassiterite. 

In  the  U.  States,  at  Lane's  Mine.  Monroe,  and  at  Trumbull:  Flowe  mine.  Mecklenburg 
Co.,  N.  Carolina;  the  Mammoth  mining  district,  Nevada;  with  gold  at  the  Charity  mine» 
Warren's.  Idaho;  Lake  Co.,  Colorado.  In  quartz  veins  in  Risborough  and  Marlow, 
Beauce  county,  Quebec. 

OuprotuDgstite.  Cupric  tungstate,  CUWO4.  From  the  copper  mines  of  Llamuco,  near 
Santiago,  Chili.  Cuproschbelite,  from  the  vicinity  of  La  Paz,  Lower  California,  ia 
(Ca,Cu)W04,  with  6*8  p.  c.  CuO;  color  green. 

Powellite.  Calcium  molybdate  with  calcium  tungstate  (10  p.  c.  WOs),  Ca(Mo.W)04. 
In  minute  yellow  tetragonal  pyramids.  Q.  =  4*849.  From  western  Idaho;  Houghtoa 
Co.,  Mich. 

Stolzite.  Lead  tungstate,  PbW04.  In  pyramidal  tetragonal  crystals.  H.  =  2*75-8. 
G.  =  7'87-8-13.    Color  green  to  gray  or  brown.    Zinuwald. 

Raspite.  Has  the  same  composition  as  stolzite,  but  is  referred  to  the  monocUnic 
system.  In  small  tabular  crystals.  Color  brownish  yellow.  From  the  Broken  Hill  mines^ 
New  South  Wales. 


WULFENITE.    Gelbblelerz,  Molybdftnbleispath,  Girm, 
Tetragonal-pyramidal;  hemimorpbic.    Axis  i  =  1'5771. 


986. 


988. 


989. 


cw,  001  A  102  =  88"  15'. 
ee.  001  A  101  =  57°  37'. 
en,    001  A  111  =  65^*  51'. 


uu\  102  A  012  =  5r  56'. 
e^,  101  A  Oil  =  78''  20'. 
nn\  111  A  ill  =  80"  22'. 


Crystals  commonly  square  tabular,  sometimes  extremely  tbin;  less  fre* 
quently  octahedral;  also  prismatic.  Hemimorphism  sometimes  distinct. 
Also  granularly  massive,  coarse  or  fine,  firmly  cobesive. 

Cleavage:  n  (111)  very  smootb;  c,  s  (113)  less  distinct.  Fracture  subcon- 
cboidal.  Brittle.  H.  =  2"75-3.  G.  =  6-7-7-0.  Luster  resinous  or  adaman- 
tine. Color  wax-  to  orange-yellow,  siskin-  and  olive-green,  yellowisb  gray^ 
grayish  wbite  to  nearly  colorless,  brown;  also  orange  to  bright  red.  Streak 
wbite.  Subtransparent  to  subtranslucent.  Optically  negative.  Indices: 
Q?r  =  2*402,  €r  =  2-304. 

Comp. — Lead  molybdate,  PbMoO^  =  Molybdenum  trioxide  39'3,  lead  oxide 
60*7  =  100.     Calcium  sometimes  replaces  tbe  lead. 
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Pyr. ,  ela— B.B.  decrepitates  and  fueet  below  8.  With  ealt  of  phoephorue  tn  O.F.  gltfrn 
A  yelfowish-ffreen  glass,  which  in  R.F.  becomes  dark  green.  With  fcoda  on  charcoal  ynMM 
metallic  lead.  D^mposed  ou  evaporation  with  hyorochlorlc  add,  with  the  fonnalion  of 
lead  chloride  and  molybdic  oxide;  on  moistening  the  residue  with  water  and  adding 
oietallic  sine,  it  gives  an  intense  blue  color,  which  does  not  fade  on  dilution  of  the  liquid. 

Obs.— Occurs  in  veins  with  other  ores  of  lead.  At  Bleiberg,  Carinthia;  Reabanjra, 
Hungary;  rabram;  Moldawa  in  the  Banat;  Annaberg,  Schneeberg.  etc. 

In  the  U.  States,  sparingly  at  the  Southampton  lead  mine,  Haas.,  and  near  Bfng  Sing, 
I)".  T.;  near  Phenizvifle,  Pa. ;  at  the  Comstock  lode  in  Nevada;  in  large  thin  wanga-yttllow 
tables  at  the  Teoomah  mine,  Utah.  In  New  Mexico,  pale  yellow  crystals  in  the  Oma 
Jits.  In  Arisona.  large  deep  red  crystals  at  the  Hamburg  and  other  mines,  Tama  Co.. 
often  with  red  vaaadiuite:  also  at  the  Castle  Dome  district,  80  miles  dUtant;  at  the  Mam- 
moth gold  mine  near  Oracle.  Pinal  Co.,  with  vanadinite  and  desdoidte. 

Named  after  the  Austrian  mineralogist  WtUfen  (172&-ia05). 


Reinite.    Ferrous  tungstate,  FeW04.    In  blacUdi-brown  tetiagonal  pyramid^  p^**>aff 
pieudomorphous.    H.  =  £    G.  =  6*64.    Eimbosan,  Japan. 

Belonedte.    Perhi^  MgMoOi.    In  minute  acicular  crystals  at  YesuTiua. 


YIL    SAUrS  OF  OROANIO  AOZDa 
Ozalateti  Mellatei. 

Wheirellite.  Cddum  oxalate,  CaCt04  +  HsO.  In  small  colorless  monodinie  eiyi^ 
tals.    From  Saxony,  with  cod. 

Ozammite.  Ammonium  oxalate,  (NH4)iCi04  +  2HaO.  From  the  guano  of  the 
Guafiape  Islands,  Peru. 

Hnmboldtine.  Hydrous  ferrous  oxalate,  2FeCi04  +  8HsO.  Color  yellow.  From 
near  Bilin,  Bohemia. 

Mellite.  Hydrous  aluminium  mellate,  AUdtOn  +  18H«0.  In  square  pyramids;  also 
massive,  granular.  G.  =  1 '55-1 '65.  Color  honey-yellow.  Occurs  in  brown  cod  in  Thu- 
ringia,  Bohemia,  etc. 
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▼nz.    HTDROOARBON  COMPOUNDS. 

The  Hydrocarbon  compounds  in  general,  with  few  exceptions,  are  not  homogeneous 
eubitaneee,  but  mixtures,  which  bj  the  action  of  soWenls  or  by  fractional  distillation  may 
be  separated  into  two  or  more  component  parts.  Thev  are  hence  not  definite  mineral  spe- 
cies and  do  not  strictly  belong  to  pure  Mineralogy,  rather,  with  the  recent  gums  and  resins, 
to  Chemistry  or,  so  far  as  they  are  of  practical  value,  to  Economic  Geology.  In  the  follow- 
ing pages  they  are  treated  for  the  most  part  with  great  brevity. 


1.  Simple  HydrocarboiiB.  Chiefly  members  of  the  ParafSn  Series  OJi^  +  ^ 

ScHEKUERiTB.  Id  whitish  mouoclinlc  crystals.  Perhaps  a  polymer  of  marsh-gas 
(CH4).    Found  in  brown  coal  at  Uznach,  Switzerland. 

Hatcu£Ttite.  Mountain  Tallow.  In  thin  plates,  or  massive.  Like  soft  wax.  Color 
yellowish.  Itatio  of  C  to  U  =  nearly  1  :  1.  From  the  Coal-measures  near  Merthyr-Tydvll 
in  Glamorganshire,  Eu gland. 

Paraffin.  A  native  crystallized  paraffin  has  been  described  as  occurring  in  cavities 
in  basaltic  lava  near  Paterno,  Sicily. 

Ozocerite  Minenil  wax  pt.  Like  wax  or  spermaceti  in  appearance  and  consistency. 
Colorless  to  white  when  pure ;  often  leek-greeu,  yellowish,  brownish  yellow,  brown. 
Esseiitiully  a  paraffin,  and  consisting  chiefly  of  one  of  the  higher  members  of  the  series. 
Occurs  in  beds  of  coul,  or  associated  hituminous  deposits,  as  at  Slanik,  Moldavia;  Boryslaw 
in  the  Cnrpntbians.     Also  occurs  In  southern  Utah  on  a  large  scale. 

Zietrinkite,  Chriematite,  UrpeMte  are  near  ozocerite. 

FiCHTELiTE.  In  white  monoclinic  tabular  crystals.  Perhaps  C«Ht.  Occurs  in  thin 
layers  of  piue  wood  from  peat-beds  near  Redwitz,  in  the  Fichtelgebirge,  Bsvaria. 
Martite  has  a  similar  occurrence. 

Napalite.  a  yellow  bituminous  substance  of  the  consistency  of  shoemaker's  wax. 
C1H4.    From  the  Phoenix  mercury  mine  in  Pope  Valley,  Napa  county,  California. 


2.  Oxygenated  Hydrocarbons. 

Amber.  Bernstein,  Germ.  lu  irregular  masses,  with  conc'hoidal  fracture.  H.  =  2-2*6. 
O.  =  1*096.  Luster  resinous.  Color  yellow,  sometimes  reddish,  brownish,  and  whitish, 
often  clouded,  sometimes  fluorescent.  Transparent  to  translucent.  Heated  to  160'  begins 
to  soften,  and  tinaliy  melts  at  250** -300°      Ratio  for  C,  H,  O  =  40  :  64  :  4. 

Part  of  the  so-called  amber  is  separated  miiieralogically  as  euecinits  (yielding  succinic 
acid).  Other  related  fossil  resius  from  many  other  regions  (e.  g  ,  the  Atlantic  coast  of  the 
United  States)  have  been  noted.  Some  of  them  have  been  called  reiinite,  gedanite,  gleeeite, 
rumdniie,  eimetite,  kraniaUe,  chemawinite,  etc. 

Amber  occurs  abundantly  on  the  Prussian  coast  of  the  Baltic  from  Dantzig  to  Memel : 
also  on  the  coasts  of  Denmark,  Sweden,  and  the  Russian  Baltic  provinces.  It  is  mined 
extensively,  and  is  also  found  on  the  shores  cast  up  b^  the  waves  after  a  heavy  storm. 
Amber  and  the  similar  fossil  resius  are  of  vegetable  origm,  altered  by  fossilization  ;  this  is 
inferred  l)oth  from  its  native  situation  with  coal,  or  fosdl  wood,  and  /roni  the  occurrence  of 
insects  incased  in  it.  Amber  was  early  known  to  the  ancients,  and  called  ^XeKTpov, 
elecirum,  whence,  on  account  of  its  electrical  susceptibilities,  has  been  derived  the  word 
eUcirieity, 

CoPALiTB.  or  Highgate  resin,  is  from  the  London  blue  clay.  It  is  like  the  resin  copal  in 
hardness,  color,  luster,  transparency,  and  difficult  solubility  in  alcohol.  Color  clear  pale 
yellow  to  dirty  gray  and  dirty  brown.     Emits  a  resinous  aromatic  odor  when  broken. 

The  following  are  oxygenated  hydrocarbons  occurring  with  coal  and  peat  deposits,  etc.: 

Bathvillitr.  Occurs  in  dull,  brown,  porous  lumps  in  the  torbanite  or  Boghead  coal 
(of  the  Carboniferous  formation)  adjoining  the  lands  of  Torbane  Hill,  Bathville,  Scotland. 
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It  Diay  lie  an  allei-ed  reslu,  or  tise  matcriul  wLicL  has  flllrated  iato  iLe  cavilf  from  the 
■urrouDiliug  toibauilc. 

Taskaxite.  In  uiiDUtc  reddish  brown  acnlcs  disBeminiiteil  ttiroiigli  a  laniiauted  shale; 
average  dlumeier  of  scales  about  0  03  iu.  Not  dissolved  at  ail  by  alcohol,  ether,  beiiKene, 
tui'iwutluc,  ur  c&rbon  dlsulpbide.  even  vrhen  beaied.  Itemarkable  as  yielding  5  !l  p.  c. 
Bulyhur.     From  lliu  river  Mersey,  north  aide  of  Tasmania  ;  the  lock  is  culled  ciimtnulttil» 

Dybodilb.  Id  very  thin  folia,  flexible,  slightly  eliistic  ;  yellow  or  pcepisli  pray. 
AoulysiB  gave  3'!]  p.  c.  sulpbur  uud  I'T  p.  c.  nllrogeu.  From  liguiic  depci^iic  iit  Metiii, 
mclly,  auU  elbewhere. 

Okocrkite,  a  white,  waxdike  substance,  separated  from  the  bronu  coul  of  GeBt«rwftc. 
near  Weiaseofel".     Qevmyridle  and  gf-oeereUitt  are  olber  products  from  Ihe  sume  soufXie. 

LBI7COPBTR1TE.  Also  from  the  Oeslt-rwiti  brown  c)al.  Belwetii  a  resin  and  wax  in 
pbyaical  cbaraclere. 

PTitoitETiNiTE.    From  brown  coal  near  Autsig,  Bobeinia. 

DovFLEKiTE,  In  elastic  or  parily  jelly-like  massea;  brownish  black.  An  add  sub- 
stance. IT  mixture  of  different  acids,  related  to  hutnic  acid.  Ilalio  for  C.  II,  O,  nearly 
10  :  la  :  5.     From  peat  beds  near  Ausiee  io  Slyria,  etc. 

Idrialitk.  Occura  wilh  the  cinnabarof  Idria.  In  Ibe  pureslnte  white  and  crystalline 
In  slrucliire.  In  nature  found  only  impiiie,  being  mixed  with  cinnabar,  clay,  and  some 
pyrile  and  gypsum  in  a  brownish -black  earthy  material,  called,  from  ils  com  bustibi  lily 
and  the  presence  of  mercury,  injiammable  oiiinabar  (Qittcktiibm'brunilert). 

PoHKFHYTE.  Occurs  In  hard,  brittle  plates  or  nodules,  light  grc-ou  in  color.  From  the 
Great  Western  mercury  mine,  Lake  Co.,  Cdlifornia.    Bee  also  napalite.  p.  043. 


X  native  hydrocarbon  compounds  of  great  importance 
Petroleum.     Naputsa;  Petroleum.    Mineral  oil.    Kerosene.    ErdOl,  BergSl,  Stelnfil, 

PiTTA&eoAi^T;    Maltha.     Minimi  Tar.     Bergiheer  0«rm. 

Liquids  or  oils,  in  the  crude  state  of  disagreeable  odor;  varying  widely  In  color,  from 
colorless  to  dark  yellow  or  brown  and  nearly  black,  the  green Ish-brown  color  tbe  moct 
common;  also  In  consistency  from  lliiu  flowing  kinds  to  those  that  are  thick  and  viscous; 
and  In  specific  gravity  from  06  to  OS.  Petroleum,  proper,  passes  by  insensible  gradations 
itiio  pUta*pIiatt  nr  waWia  (viscid  bitumen);  end  tbe  latter  as  insensibly  into  (utiAqK  or  solid 
bitumen. 

Cbemlcally,  petroleum  consists  for  tbe  most  part  of  members  of  tbe  paraffin  series, 
CnHgn  +  i,  Turying  from  marsh  rss,  CH,,  to  the  solid  forms.  The  oleflnes,  ChHib.  ar» 
alHi>  present  In  smaller  amount.  This  is  especially  true  of  tbe  American  oils.  Those  of  tbe 
Caucasus  have  n  higher  denBily,  the  volatile  constituents  are  less  prominent,  they  distill  at 
about  150°  and  contain  tbe  benzenes,  CnHm-i,  in  consldeiable  amount.  There  are  present 
also  members  of  tbe  series  CsHm-i.  The  Oeruian  petroleum  is  Intermediate  between  tbe 
American  and  the  Caucasian.    The  Canadian  petroleum  iaespecially  rich  in  Ilie  solid  paraffins. 

Petroleum  occura  in  rocks  orduposiis  of  nearly  all  geological  ages,  from  the  Lower 
Silurian  to  the  present  epocb.  ll  is  associated  most  abundantly  with  argillaceous  shales, 
sands,  and  sandstones,  but  Is  found  also  permealiog  limestones.  kItIi^  them  a  bltumlnoiiH 
odor,  and  renderine  them  sometimes  a  considerable  source  of  oVi.  From  these  olelferoua 
■hales,  sands  and  limestones  tbe  oil  often  exudes,  and  appears  floating  on  the  streams  or 
lakes  of  tbe  region,  or  itses  iu  oil  springs.  It  also  exists  collected  in  subterranean  cavities 
in  certain  rocks,  whence  It  issues  in  jets  or  fountains  whenever  an  outlet  Is  made  by  boring. 
Tbe  oil  which  fills  tbe  cavities  has  ordinarily  been  derived  from  the  subjacent  rocks;  for 
the  strata  In  which  tbe  cavities  exist  arc  frequently  barren  sandstones.  The  conditions 
required  for  the  production  of  such  subterranean  accumulatious  would  be  therefore  a  btlu- 
mlnou^^oil-bearlng  or  else  oil-producing  stratum  at  a  greater  or  less  deplli  below;  caTitie* 
to  receive  tbe  oil:  an  overlying  stratum  of  close-grained  shale  or  limestone,  not  allowing  of 
the  easy  escape  of  tbe  naphtha  vapors 

The  two  regions  which  now  furnish  the  chief  part  of  the  petroleum  are,  flrat  In  import* 
ance.  western  Pennsylvania,  with  parts  of  New  York  and  Ohio,  and,  seoond,  Ihe  Bi^u 
region  on  tbe  Cusplnn  Sea,  at  the  eastern  end  of  tbe  Caucasus.    Tbe  oil  baa  been  known  to 
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exist  at  the  latter  locality  since  early  times,  but  only  since  1876  has  its  economic  importance 
been  recognized.  Petroleum  is  also  obtained  in  this  country  in  West  Virginia;  near  Cafion 
City,  Colorado;  and  in  California,  especially  in  Los  Angeles,  Ventura  and  Santa  CruK 
counties.  Numerous  localities  where  it  occurs  in  limited  amount  have  been  noted  in  other 
States.  In  Canada,  oil  is  produced  in  Lumbton  county,  Ontario.  Other  oil-producing 
regions  are  found  in  Burma,  Japan, iNew  Zealand,  etc. 

Asphadtom.    Mineral  Pitch.    Asphalt,  Bergpech,  Erdpech,  Germ. 

Asphaltum,  or  mineral  pitch,  is  a  mixture  of  different  hydrocarbons,  part  of  which  are 
oxygenated.  Its  ordinary  characters  are  as  follows  :  Amorphous.  G.  =  1-1*8;  some- 
times higher  from  impurities.  Luster  like  that  of  black  pilch.  Color  brownish  black 
and  black.  Odor  bituminous.  Melts  ordinarily  at  90°  to  100**,  and  burns  with  a  bright 
flame.  Soluble  mostly  or  wholly  in  oil  of  turpentine,  and  partly  or  wholly  in  ether;  com- 
monly partly  in  alcohol.  The  more  solid  kinds  graduate  into  the  pittasphalts  or  mineral 
tar,  and  through  these  there  is  a  gradation  to  petroleum.  The  fluid  kinds  change  into  the 
solid  by  the  loss  of  a  vaporizable  portion  on  exposure,  and  also  by  a  process  of  oxidation,, 
which  consists  first  in  a  loss  of  hydrogen,  and  finally  in  tbe  oxygenation  of  a  portion  of  the 
mass.  The  action  of  heat,  alcohol,  ether,  naphtha  and  oil  of  turpentine,  as  well  as  direct 
analyses,  show  that  tbe  so-called  asphaltum  from  different  localities  is  very  various  in  com- 
position. 

Asphaltum  belongs  to  rocks  of  no  particular  age.  The  most  abundant  deposits  ar» 
superficial.  But  these  are  generally,  if  not  always,  connected  with  rock  deposits  contain- 
ing some  kind  of  bituminous  material  or  vegetable  remains.  Some  of  the  noted  localities; 
of  asphaltum  are  the  region  of  the  Dead  Sea,  or  Lake  Asphaltites,  whence  tbe  most  of  the- 
asphaltum  of  ancient  writers;  a  lake  on  Trinidad,  1^  m.  in  circuit,  which  is  hot  at  the* 
center,  but  is  solid  and  cold  toward  the  shores,  and  has  its  borders  over  a  breadth  of  \  m. 
covered  with  the  hardened  pitch  with  trees  flourishing  over  it;  at  various  places  in  South* 
America;  in  California,  near  the  coast  of  St.  Barbara;  also  in  smaller  quantities,  elsewhere. 

Elateritb.  Elastic  Bitumen.  Mineral  Caoutchouc.  Soft,  elastic,  sometimes  much 
like  india-rubber;  occasionally  hard  and  brittle.  Color  usually  dark  brown.  Found  at 
Castleton  in  Derbyshire,  and  elsewhere. 

Albeutite.     Differs    from    ordinary    asphaltum    in    being  only  partially  soluble  in 
oil  of  tur[)entine,  and  in  its  very  imperfect  fusion  when  heated.     H.=  1-2.     G.  =  I  097. 
Luster  brilliant,  pitch-like;  color  jet-black.    Occurs  filling  an  irregular  fissure  in  rocks  of 
the  Lower  Carboniferous  in  Nova  Scotia. 

Grahamitb.  Resembles  albertite  in  its  pitch-black,  lustrous  appearance.  H.  =2.  G.=: 
1*145.  Soluble  mostly  in  oil  of  turpentine;  partly  in  ether,  naphtha  or  benzene;  not  at  all 
in  alcohol;  wholly  in  chloroform  and  carbon  disulphide.  Melts  only  imperfectly,  and  with 
a  decomposition  of  the  surface.  Occurs  in  W.  Virginia,  about  20  m.  S.  of  Parkersburg,^ 
filling  a  fissure  in  a  Carboniferous  sandstone. 

GiL80NiTE,also  cal  led  Uiniahite  or  Uintalte.  A  variety  of  asphalt  from  near  Ft.  Duchesne^. 
Utah,  which  has  found  many  applications  in  the  arts.  Occurs  in  masses  several  inches  in 
diameter,  with  conchoidal  fracture;  very  brittle.  H.  =  2-25;  G.  =  1065-1 -070.  Color  black„ 
brilliant  and  lustrous;  streak  and  powder  a  rich  brown.  Fuses  easily  in  the  fiame  of  a 
candle  and  burns  with  a  brilliant  fiame,  much  like  sealing-wax.  Named  after  Mr.  S.  H. 
Gilson  of  Salt  Lake  City. 

Mineral  Ooal.     Compact  massive,  without  crystalline  structure  or  cleavage;  sometimes 
breaking  with  a  degree  of  regularity,  but  from  a  jointed  rather  than  a  cleavage  structure. 
Sometimes  laminated;  often   faintly  and  delicately  banded,  successive  layers  differing: 
slightlv    in    luster.     Fracture    conchoidal   to  uneven.     Brittle:  rarely  somewhat  sectile. 
H.  =  0-5-2'5.     G.  =  1-1  80.    Luster  dull  to  brilliant,  and  either  earthy,  resinous  or  sub- 
metallic.     Color  black,   grayish  black,  brownish  black,  and  occasionally  iridescent;  also 
sometimes  dark  brown.     Opaque.    Infusible  to  subfuslble;  but  often  becoming  a  soft. 
pliant  or  paste-like  mass  when  heated.      On  distillation  most  kinds  afford  more  or  less  of 
oily  and  tarry  substances,  which  are  mixtures  of  hydrocarbons  and  paraffin. 

The  varieties  recognized  depend  partly  (1)  on  the  amount  of  the  volatile  ingredients 
afforded  on  destructive  distillation;  or  (2)  on  the  nature  of  these  volatile  compounds,  for 
ingredients  of  similar  composition  may  differ  widely  in  volatility,  etc. ;  (8)  on  structure,, 
luster  and  other  physical  characters. 

Coal  is  in  general  the  result  of  the  gradual  chanse  which  has  taken  place  in  geological 
history  in  organic  deposits,  chiefly  vegetable,  and  its  form  and  composition  depend  upon 
the  extent  to  which  this  change  has  gone  on.  Thus  it  passes  from  forms  which  still  retain 
the  original  structure  of  tbe  wood  (peat,  lignite)  and  through  tliose  with  less  of  volatile  or 
bituminous  matter  to  anthracite  and  further  to  kinds  which  approach  graphite. 
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1.  Anthracitb.  Glanskohle  Qerm,  H.  =  2-9*6.  O.  =  1 '83-1*7.  Luster  bright, 
ofteu  submetallic,  iron-black,  aud  frequently  iridescent.  Fracture  conchoidai.  Volatile 
matter  after  drying  8-6  p.  c.  Bums  with  a  leeble  flame  of  a  pale  color.  The  anthracites 
of  Pennsylvania  contain  ordinarily  85-1^  per  cent,  of  carbon;  those  of  South  Wales,  88-iB5; 
of  France,  80-88;  of  Saxony,  81;  of  southern  Russia,  sonietioEiet  94  per  cent.  ADthracite 
graduates  through  semi-anthracite  into  bituminous  coal,  becoming  less  hard  and  contain ing 
more  volatile  matter;  and  an  intermediate  variety  is  called /r0»i&iM^ii^  anthracite. 

9.  BiTUMiNonB  Coal.  Bums  in  the  fire  with  a  yellow,  smoky  flame,  and  gives  out  oit 
distillation  hydrocarbon  oils  or  tar;  hence  the  name  MtfmtfnmM.  Theonlifiary  bituminous 
coals  contain  from  5-16  p.  c.  (rarely  16  or  17)  of  oxygen  (ash  excluded);  while  the  so-called 
Itrcwn  cocU  or  ligniie  contains  from  90-86  p.  c,  after  the  expulsion,  at  KM)'',  of  16-^86  p.  c.  of 
water.  The  amount  of  hydrogen  in  each  is  from  4-7  p.  c.  Both  have  usually  a  Dright, 
pitchy,  greasy  luster,  a  firm  compact  texture,  are  rather  fragile  compared  with  anthracitet 
and  liave  (i.  =  1*14-1 '40.  The  brawn  coals  have  often  a  brownish-black  color,  whence  the 
name,  and  more  oxvgen,  but  in  these  respects  and  others  they  shade  into  ordinary  bitumin- 
ous coals.  The  ordinary  bituminous  coal  of  Pennsylvania  has  0.  =  1*1^1 '87;  of  KewGM> 
tie,  England,  1*97;  of  ScoUand,  1'97-1*89;  of  France.  1*2-1 -88;  of  Belgium,  1*87-1-8.  The 
most  prominent  kinds  are  the  following : 

(a)  Caking  or  Coking  Coal,  A  bituminous  coal  which  softens  and  becomes  pasty  or  seml- 
Tiscid  in  the  fire.  This  softening  takes  place  at  the  temperature  of  incipient  deoom position, 
and  is  attended  with  the  escape  of  bubbles  of  gas.  On  increasing  the  heat,  the  volatile 
products  which  result  from  the  ultimate  decomposition  of  the  softened  mass  are  driven  oA, 
and  a  coherent,  ^ayish-black,  cellular  or  fritted  mass  (cake)  is  left  Amount  of  coke  left 
(or  part  not  volatile)  varies  from  00-85  p.  c. 

(6)  Non-  Cafang  Coal.  Like  the  preceding  in  all  external  characters,  and  often  In  ulti- 
mate composition;  but  burning  freely  without  softening  or  any  appearance  of  incipient 
fusion.    There  are  all  gradations  between  caking  and  non-caking  bitumiuous  coals. 

(0)  Cannsl  Coal  (Parrot  Coal).  A  variety  of  bituminous  coal,  and  often  caking;  but 
differing  from  the  preceding  in  texture,  and  to  some  extent  in  composition,  as  shown  by  its 
products  on  distillation.  It  is  compact,  with  little  or  no  luster,  and  without  any  appearance 
of  a  banded  structure;  and  it  breaks  with  a  conchoidal  fracture  and  smooth  surface:  color 
dull  black  or  grayish  black.  On  distillation  it  affords,  after  drying.  40  to  66  p.  c.  of  vola- 
tile matter,  aud  the  material  volatilized  includes  a  large  proportion  of  burning  and  luM- 
cating  oils,  much  larger  than  the  above  kinds  of  bituminous  coal;  whence  it  is  extensively 
used  for  the  manufacture  of  such  oils.  It  graduates  into  oil-producing  coaly  shales,  the 
more  couipact  of  which  it  much  resembles.  Torbariiteis  a  variety  of  caunel  coal  of  a  dark 
brown  color,  from  Torbaue  Hill,  near  Bathgate,  Scotland;  also  culled  Boghead  CantuL 

(d)  Brown  Coal  (Braunkoble  Germ,,  Lignite).  The,  prominent  chnracleristics  of  brown 
coal  have  already  been  mentioned,  They  are  nou  caking,  but  afford  a  large  proportion  of 
volatile  matter;  sometimes  pitch-black,  but  ofteu  rather  dull  and  brownish  black.  G.  = 
1*15-1 '3.  Brown  coal  is  often  called  lignite.  But  this  term  is  sometimes  restricted  to 
masses  of  coal  which  still  retain  the  form  of  the  original  wood.  Jet  is  a  black  variety  of 
brown  coal,  compact  in  texture,  and  taking  a  good  polish,  whence  its  use  in  jewelry. 

Coal  occurs  in  beds,  interstratifled  with  sliales,  sandstones,  and  conglomerates,  and 
sometimes  limestones,  forming  distinct  layers,  which  vary  from  a  fraction  of  an  inch  to  80 
feet  or  more  in  thickness.  In  the  United  States,  tlie  antliracites  occur  east  of  the  Alleghany 
range,  in  rocks  tliat  have  undergone  great  contortions  and  fracturings,  while  the  bitumin- 
ous coals  are  found  extensively  in  many  States  farther  west,  in  rocks  that  have  been  less 
disturbed;  and  this  fact  and  other  observations  have  led  jreologists  to  the  view  that  the 
anthracites  have  lost  their  bitumen  by  the  action  of  heat.  The  origifir  of  coal  is  mainly  veg- 
etable, tliough  animal  life  has  contributed  somewhat  to  tlie  result.  The  beds  were  once  beds  of 
vegetation,  analogous,  in  most  respects,  in  mode  of  formation  to  the  peat  beds  of  modem 
times,  yet  in  mode  of  burial  often  of  a  very  different  character.  Tliis  vegetable  origin  is 
proved  not  only  by  the  occurrence  of  the  leaves,  stems  and  logs  of  plants  m  the  coal,  but 
also  by  the  presence  throughout  its  texture,  in  many  cases,  of  the  forms  of  the  original 
libers;  also  by  the  direct  observation  that  peat  is  a  transition  state  between  unaltered  vege- 
table debris  and  brown  coal,  bein^  sometimes  found  passing  completely  into  true  brown 
coal.  Peat  differs  from  true  coal  in  want  of  homogeneity,  it  visibly  containing  vegetable 
:fibersonly  partially  altered;  and  wherever  changed  to  a  tine-textured  homogeneous  mate* 
rial,  even  thougli  hardly  consolidated,  it  may  be  true  brown  coid. 

For  an  account  of  the  chief  coal  fields,  asaNo  of  the  geological  relations  of  the  different 
coal  deposits,  reference  is  made  to  works  on  Economic  Qeology. 


APPENDIX    A. 

ON  THE  DRAWING  OF  CRYSTAL  FIGURES  AND 

OF  PROJECTIONS. 


Ik  the  representation  of  crystals  by  drawings,  the  object  may  be  either  to  show  the  entire 
form  in  perspectiye  or  to  give  simply  a  projection  of  the  faces  upon  a  single  plane.  The  first 
of  these  cases  is  the  more  important,  aud  must  be  treated  here  in  some  detail.  Two  points 
Are  to  be  noted  in  regard  to  it.  In  the  tirst  place,  in  the  drawings  of  crystals  the  point  of 
view  is  supposed  to  be  at  an  infinite  distance,  aud  it  follows  from  this  that  all  lines  which 
are  parallel  on  the  crystal  appear  para^^  in  the  drawing. 

in  the  second  place,  in  all  ordinary  cases,  it  is  the  complete  ideal  crystal  which  is 
represented,  that  is,  the  crystal  with  its  full  geometrical  symmetry  as  explained  on  pp.  9  to 
11  (cf.  note  on  p.  11). 

Projection  of  the  Axes. 

The  projection  of  the  axes  of  a  crystal  is  the  first  step  preliminary  to  the  drawing  of  the 
form  of  the  crystal  itself.  The  projection  of  the  axes  in  the  isometric  system,  which  are 
«qual  and  intersect  at  right  angles,  is  here  first  given.  The  projection  of  the  axes  in  the 
other  systems,  with  the  exception  of  the  hexagonal,  maybe  obtained  by  vary  ing  the  lengths 
of  the  projected  isometric  axes,  and  also,  when  oblique,  their  inclinations,  as  shown  beyond. 

Isomeljdc  System.— When  the  eye  is  directly  in  front  of  a  face  of  a  cube,  neither  the 
sides  nor  top  of  the  crystal  are  visible,  nor  the  faces  that  may  989. 

be  situated  on  the  intermediate  edges.  On  turning  the  crys- 
tal a  few  degrees  from  right  to  left  a  side  lateral  face  is 
brought  in  view,  and  by  elevating  the  eye  slightly  the  termi- 
nal face  becomes  apparent.  In  the  following  demonstration 
the  angle  of  revolution  is  designated  d,  and  the  angle  of  the 
elevation  of  the  eye,  6.  Fig.  989  represents  the  normal  posi- 
tion of  the  horizontal  axes,  supposing  the  eye  to  be  in  the 
direction  of  tlie  axis  BB;  BB  is  seen  as  a  mere  point,  while 
CC  appears  of  its  actual  length.  On  revolving  the  whole 
through  a  number  of  degrees  equal  to  BMB'  (8)  the  axes 
have  the  position  exhibited  in  the  dotted  lines.  The  projec- 
tion of  the  semiaxis  MB  is  now  lengthened  to  MN,  and  that 
of  the  semiaxis  MC  is  shortened  to  MH. 

If  the  eye  be  elevated  (at  any  angle,  e),  the  lines  B'N,  BM, 
and  C'H  will  be  projected  respectively  below  N,  M,  aud  H,  and  the  lengths  of  these  pro- 
jections (which  we  may  designate  ft'N.  6M,  and  cH)  will  be  directly  proportional  to  the 
lengths  of  the  lines  B'N,  BM,  and  C'H. 

It  is  usual  to  adopt  such  a  revolution  and  such  an  elevation  of  the  eye  as  may  be  ex- 

Sressed  by  a  simple  ratio  between  the  projected  axes.     The  ratio  between  the  two  axes, 
[N  :  MH,  as  projected  after  the  revolution,   is  designated  by  1 :  r;  aud  the  ratio  of  6'N  to 
MN  hy  1  :  s.     Suppose  r  to  eqiial  3  and  $  to  equal  2,  then  proceed  as  follows  : 

Draw  two  lines  A  A'.  H'H  (Fig.  990),  intersecting  one  another  at  right  angles.  Make  MH  = 
MH  =  b.  Divide  HH'  into  8  (r)  parts,  and  through  the  points,  N,  N',  thus  determined, 
draw  perpeudiculars  to  HH'.     On  the  left  hand  vertical,  set  off,  below  H',  a  part  H'R, 

equal  to  —b  =  —  H'M;  and  from  R  draw  RM,  and  extend  the  same  to  the  vertical  N'.  B'B 

8  <v 

is  the  projection  of  the  front  horizontal  axis. 

Draw  BS  parallel  with  MH'  and  connect  SM.  From  the  point  T  in  which  SM  intersects 
BN,  draw  TC  parallel  with  MH.  A  line  (CC)  drawn  from  0  through  M,  and  extended 
to  the  left  vertical,  is  the  projection  of  the  side  horizontal  axis. 

Lay  off  on  the  right  vertical  a  part  HQ  equal  to  -^  MH,  and  make  MA  =  MA'  =  MQ; 
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iBie,  r  =  8.  Mid  t  =  2,  Ihen  S  =  18'  aC,  aud   e  =  »•  28", 
for  cot  J  =  r,  and  cot  e  =  ri. 

It  U  dnlrable  to  go  ihruueh  Uie  above  cooalructfoa 

wilb  cure  to  iusure  all  pusBible  accuracy.     Tlie   &xc* 

thus  obtained,  my  twice  tlie  length  here  rflpreoCDted, 

may  be  drawn  on  a  suitable  card  aud  preaerred  for 

future  use.     Wlienever   needed,  Ibey  cau  be    re«dl]/ 

of  paper  by  pricking  tLrougb 

d  poiutA.     lu  cHcb  ciise,  before 

}  obtained  iire  used,  iJiey  sLuuld   be  tested 

to  make  sure  liiiit  Ibe  respective  semiaxes  either  side  of 

tbe  centrnl  point  H  ure  tqual. 

Tetragonal  and  Orthorhomblc  Syitema.— Tlie  axe* 
AA',  CC,  BB'.  constructed  iu  tbe  mauuer  described, 
are  tqual  and  at  right  angles  to  each  uttier.     The  pro- 

Section  of  the  axes  of  a  tetragonal  crystal  is  obtained 
ly  simply   laying  off.  with  a  scale   of  proportional 
A  p^rta,  ou  MA  and  HA'  taken  as  units,  the  value  of  the 

venlcal  axis  [i)  for  the  given  species.    Thus  for  zlrcoD, 
where  J  =  064,  we  must  tsyofrO'64  of  MA  above  M  and  the  same  length  below. 

Por  an  orihorhomb[c  crystal,  where  tbe  three  nxee  ure  unequs!.  llie  length  of  i  must  as 
before  be  lai<l  off  above  and  below  from  M.  and  that  of  a  in  front  and  behind  M,  od  BB*. 
It  is  usual  to  mate  tbe  side  axis  HC=  1  =  1. 

Monoclinic  Bystain. — The  axes  i  and  li  in  the  monoclinic  system  are  incliued  to  one  an- 
other at  an  oblique  angle  =^.  To  project  this  inclitiatlou,  gg^^ 
and  Ihua  adapt  l!ie  Isomctnc  axes  to  a  mouocllnic  form, 
Uy  off  (Fig.  BBl)  ou  tbe  axes  MA.  Ma  =  MA  X  ens  tf, 
and  on  the  axis  BB'  bebind  M,  MA  =  MB  X  sin  ff.  From 
the  points  b  and  a,  draw  lines  parallel  reapectivelv  with 
the  axes  AA'  aud  BB',  and  from  their  inlersectuia  D', 
draw  through  M.  IXD.  making  MD  =  MD',  Tlie  line 
DD'  Is  tiie  ciinodlagonal,  and  the  lines  AA,  CC.  DD' 
represent  tbe  axes  in  a  monoclinic  solid  iu  which  a  =  b  = 
e  =  l.  llie  points  It  and  b  and  the  position  of  the  axis 
DD'  wili  vary  with  the  angle  ff.  Tbe  relative  values  of 
the  axes  may  im  given  them  as  above  explnincil;  thai  U, 
if  £  =  1,  iay  i>fFln  tbe  direction  iif  M.\  iind  MA'  ii  line 
equal  i.)  K  anil  iu  tbe  direction  of  MD  mid  MD'  a  line 

Triclinic  S^tem. — Tbe  vertical  sections  throng  1 1  tbe 
horizontal  axes  in  ilie  triclinic  system  nre  obliquely  in- 
clined; also  the  inclinatlou  of  tbe  axi«  'i  ti>  each  u\is  b 
and  e,  la  oblique.      In  the   adaptation  of   the  isonielric 

axes  to  the  triclinic  forms,  it  is  therefore  uecessaiy.  in  the  first  place,  to  give  the  requisite 
992,  obliquity  to  tbe  mutual  inclination  of  the  vertical  sec- 

linns,  and  afterwards  to  adapt  the  borizotiial  axes.  I^e 
incliiiaiion  of  these  jieclions  we  may  desifrnate  A.  nnd 
as  heretofore,  the  angle  between  a  and  6.  y.  aai\  n  iind 
e,  li.  BB'  Is  tbe  analogue  of  tiie  braciiydiiit;oual.  and 
C(J  of  the  mncro<liagoiial.  An  oblique  inclination  may 
be  given  the  verticiiT  sections,  by  varying  the  posiijoii 
of  either  of  these  sections.  Permitting  tbe  bracliydlag- 
onal  section  ABA'll'  In  remain  unaltered,  we  may  vary 
the  oilier  si'ction  as  follows : 

Lay  off  (Fig.  983)  on  MB.  M6'  ^  MB  X  cos  A,  and  on 
tbe  axis  CC  (to  the  right  or  left  of  M.  according  as  liie 
acute  angle  A  is  to  the  right  or  leftl.  Mc  —  MC  x  sin  A: 
compieilng  the  pariillelogram  M4' Dc.  and  drawing  the 
(liagonnl  MD.  exlending  the  same  to  D'  so  as  lo  mnke 
MD'  =  .MD.  we  obtain  the  lineDW;  the  vertical  sertlon 
pnssini;  through  this  line  Is  tlie  correct  macrodlagonal 
■*.  Bectloii.     The  iiicllnatiou  of  a  to  the  new  macro'liae- 

onal  DD'  Is  still  a  Hgbt  angle:  as  also  the  incllDalion 
.0  6,  their  oblique  inclinations  miiy  be  given  them  as  follows  ;    Lay  oil  on  MA  (Fig; 
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992),  Kn  =  MA  X  cos  p.  and  on  the  axis  BB'  (bmchydingonal),  MS  =  MB'  X  ain  fl.  By 
coiiip.utlag  lliupBraUelugrnmHa,  E'S,  Ibu  |<oii]lE' ia  uetenBiDi-d.  Make  HE  =  ME:  EE'b 
tliu  iiiuJecLcd  bracliydiagoniil.  Agiiin  lay  i>fi  (in  HA,  Ha'  =  MA  X  coa  a,  and  on  MV.  lo 
Ibu  kU.  till  ^  Ml)'  X  sin  u.  Dihh  lineB  from  a'  and  d  parallul  to  HD  aiid  MA;  F',  '  ' 
urseclioQ  of  tliese  lines.  Is  unG extremity  of  the  macrudiaeonal;  and  tliu  line  Ff".  ii 
MF  =  MF',  is  ibe  maci-odiagODal.  The  verticnl  axis  AA' and  tLe  borizonral  axes  KK' 
(bracbyiJiagonal)and  FF'  Imacrodiagnual)  Ibus  obtaliied.  are  tbe  axes  io  a  trfcliiiic  form, 
111  nbicb  II  =S:=  c  =  1.  Different  valuea  may  be  given  tbeae  axes,  according  lo Ibe  method 
heretofore  illustrated. 

BncBgonal  Systam. — The  simplest  metbod  of  ubialulnr  tbe  axes  for  [he  liexagoiial  sys- 
leni  is  iia  foUoH  a  :  We  Blart  with  the  isometric  axial  cross  [Fig.  990)  and  change  it  bo  that  tbe 
front  axis  (MB,  Fig.  998)  sbal)  havt  u  length  equal  lo  1782  (=  VS)  times  its  original 
leDgth.  When  tbe  extremiilea  of  the  linea  CC  and  BB'  are  joined  a  rliomb  will  be  formed 
haTlng  tbe  angles  at  C  and  C  equal  lo  120°.  Now  draw  ibrou(rb  tbe  middle  point*  ot 
MB,  MB'  linea  parallel  to  CC,  and  tbe  restiltiog  figure,  CDEC'D'E',  will  be  a  regular 
hexagon,     Tbe  lines  jolnlnglts  aneles,  namely,  CC",  DD',  EE',  will  be  the  lateral  axes  re- 

aulred;  these  are  sbona  in  Fig.  994,  repealed  from  p.  6S.     Il  only  remains  to  give  the  ver- 
cal  axis  Ibe  length  required  by  the  ca*e  In  tuwd. 


»»3. 


994. 


Drawino  of  Simple  and  ('( 

Blnple  Forma.— When  the  axial  cross  has  been  constructed  for  the  given  species,  the  oc(a- 
h»dronlB  tbe  Isometric  system  and  Ibeunttpym-  995, 

mid  in  the  other  systems  are  obtained  at  once  by 
Joining  tbeentremilies  of  each  of  the  lateral  axes 
with  those  of  theTerllcal  axis  This  Is  illiiatrated 
fortlie  Isometric  system  by  Fig.  895  Here,  as  In 
all  cases,  the  lines  which  fall  lu  front  are  drawn 
strongly,  while  those  behind  are  simply  doited. 

For  llie  diamelrat  pritm  draw  through  B,  B', 
C,  C.  of  the  pnijecled  axes  of  any  upecies  {Fig. 
999).  lines  parallel  to  tbe  axes  CC,  BB',  until  they 
meet;  they  make  tbe  para1leli)KTaui.  obeA.  wblcn 
is  a  transverse  sect  ion  of  the  prism,  parallel  to  the 
base.  Through  n.  b,  e.  d  draw  lines  parallel  and 
equal  to  the  vertical  axis,  maklngtbe  parts  above 
and  below  these  points  equal  to  the  vertical  seml- 
axls.  Then,  connect  ihe  extremities  of  these  lines 
by  lines  parallel  to  nb,  be,  ed.  da,  and  the  figure 
will  be  that  of  the  diametral  prism,  correspond- 
ing to  the  axes  projected. 

In  tbe  case  of  tbe  Isometric  system  (Fig.  99S),  this  diametral  priim  is  the  cube  whose 
faces  are  represented  by  the  letter  a  (100).  Fig.  70,  p.  M;  In  the  letraeonal  syatem  it  is  the 
prism  a  (100)  e  (001).  Fig.  149,  p.  M:  tn  tbe  ortborbombic,  monoctinic  and  trlcliolc  systems 
the  fac<^  have  the  symbols  a  (100),  ft  (010),  e  (001).  as  shown  in  FIga.  878,  812,  888. 

The  unit  wrtieal  priim  in  the  tetragonal,  ortborbombic,  and  clfnometric  syatems  may  be 
projected  by  drnwing  lines  par&Ilel  to  tbe  vertical  ui«  AA'  (brough  B,  C,  B',  C,  maklog 
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■ucb  •  prim  pamllel  to  lu  bua.    ThU  priim  U  bounded  by  the  racw  m  (110),  e  (001).  CM. 
Tlgi.  IfiO,  S7S,  818. 

Other  prinm  In  tho  orthorhomblo,  numoclfDlo  and  trlcllnic  ayiteiiu,  u  (810),  (ISO), 
MO.,  ue  drawn  In  the  lainQ  w^,  only  that  ihe  latenl  azas  miut  be  adapted  tu-nch  cms. 
Tbu*  (or  (910)  the  azU  i  haa  double  the  unit  Talue  characteriitic  of  the  riTMi  ^edea;  for 


(190)  it  has  half  tUi  value  (or,  otherwlM  expreaaed.  the  axli  a  ia  to  be  doubled),  aod  m>  oa. 

In  tbe  tetimgtmal  ayatem  Uie  priama  (810),  (810),  etc. ,  have  eight  facea  (cf.  Tig.  T  " 
H).    Thenfoie,  «.a,  for  (810),  flitt  draw  In  the  plane  of  the  lateral  axea  linea  fro 


;.  lfit.p. 


;  the  iuwraeotlona  of 

— „-- n_ ...tlcally  (pan~ 

conemonding  to  the  edgea  lettered  g  In  Tig.  lESS.    For  the  hexagonal  nralem  the 
tion  ol  the  three  prtama  ia  ao  aimllar  to  tboae  deacrlbed  aa  to  need  no  further  ez] 

Other  ilinple  fonus  are  craatmcted  on  much  the  laine  principle.  The  pi^u  an  fiiat 
to  be  determined  at  which  the  reepectlTe  facea  cut  tbe  axea.  Then  light  conatructlon  linea 
an  diawo  lu  each  of  the  axial  planei  conaectfag  theae  polDi*,  antT at  the  aame  time  tbe 
inteiaectlon-pointa  noted  for  each  pair  of  adjoining  (acei.  From  theae  latt  the  actual  latei^ 
section  linea  of  the  given  form  are  obtained. 
»»& 


ngs.  9M  to  B»  will  serve  as  illustrations     The  f"™  ,^!g,'»'J  *';^^''*^'^*'!^'«' 
(221).    The  three  frout  upper  fnces  of  this  have  ihu  t-ymbols  321,  213.  m  («•  F  g-  88.  p. 

~-     '   c.__.,     __  -L 1.1  :J:.»w.=^.  ;«..•  ,.™/.,- ti.....,nl»nf.tinii  on  nn.  28.  24)  as  f O  lows  : 


For  tliem  the  bxIhI 


ia,  :  la,  :  }'<> 
U.  :  ia.  :  {a. 


:Sa. 


Here  the  axea  a,,  a,,  n,  are,  as  always,  talcen  In  Ihe  a.  b.  e.  order  (cf.  Fig.  55.  p.  88). 
Fig.  996  shows  imch  of  Ibe  three  planea  projected  on  tbe  axes,  and  tbeir  respective  'nteraec- 
tion-eilEcs  nre  "cen  at  once  to  be  the  (lotted  liaei  sinrliug  f  roia  tbe  points  lettered  a.  i  he 
completion  of  ibe  figure  involves  no  further  difflcully.  It  Ib  to  be  noted,  however,  Uiatlt 
is  not  iieceawiry  to  repeat  tbe  full  comtniction  for  each  octant,  since  tbe  prlociple  of  aym- 
melry  with  rpspect  to  the  three  axial  planes,  that  la.  aloog  lines  parallel  to  each  of  the  axes. 
ComM  In  to  simplify  the  work.  In  practice,  it  is  well  to  construct  the  front  half  aDd_u8e  the 
symBielvy  to  complete  the  part  behind,  which  is  usually  dra 
metry,  in  any  case,  is  a  most  valuable  check  o 

Another  illiislrntion  is  given  by  Figs.  698. 
tetraeonal  system  (cf.  Fig.  166.  p.  88).     This  require-  — .--^—    -   . 

Complex  Forma.— When  it  is  required   to  draw   not  only  tbe  tacMof  ^single  fom 
embniceil  under  Ihe  s 


isamost  valuable  check  on  I  he  accuracy  of  the  work.  

on  is  given  by  Figs   698.  999  of  the  ditetragonal  pyramid  (132)  of  the 
t.  Fig.  166.  p.  88).     This  retiuires  no  addillonal  explaDRtion. 

~henit  is  required   to  draw   not  only  tbe  facea  of  a  single  for- 
e  symbol,  but  also  those  of  a  number  of  forma  modityUig  o 
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tbe  axiHl  eectioDH,  which  [t 
Ugiire  will  800J1  Uecome  id  cc 
and  couBe^iueut  loss  of  time. 

Tbe  process  of  detarmlDlng  the  dlrecliou  of  the  iDtersectfon-edges  is  much  slmplifltd  if 
the  ezprussiuD  giving  the  ntio  of  the  iutercepts  on  the  axeijforench  plane  U  so  transfonneil 
(by  divldiug  by  the  coefflcleut  of  the  vertical  axis)  that  tbe  value  for  the  vertical  axis  shall 
be  uuiiy  (that  is.  iu  general  equal  to  i).  The  extremity  of  the  vertical  ails  {-f-  or  — }  is 
theu  out  point  of  iutersectioD  for  any  two  planes,  aod  (he  otheT  point  will  always  be  iu  the 
plane  of  the  lateral  axes. 

As  an  example  of  the  transformation  culled  lor,  suppose  824  to  be  the  symbol  of  a 
giveu  fuce,  Its  Intercepts  on  the  axes  a,  ^  e  would  be  (Art.  S4)  Ja  :  li< :  ie.  This  put  Into 
the  form  requited  for  the  present  purpose  becomes  (by  mupliplyiug  by  4), 


la:  2b:: 

L  ihiiB  obti 


looa 


It  will  be  noted  that  the  expression  iIiiib  obtained  Is  not  urdinarlly  that  wblch  corre- 
spoDtH  10  tlJe  Naumann  symboU,  for  with  them  the  length  oF  a  lateral  axis  (usually  a)  is 
taken  as  tbe  unit. 

Ezampls.^The  explanation  of  the  method  of  drawing  crystals  can  best  be  described  by 
use  of  a  conci'ele  exumjile,  Buppnse  that  It  is  required  to  dmw  an  ortborhombic  cryiUl 
(andalusite)  of  prismatic  habit  (Fig.  1000),  showing  the  faces  a  (100),  e  (001),  m  (110),  - 

(101),  a  (Oil),  0  (til).  ■  (121).     It  Is  evident  that  an  Indefluite  number  

of  Ilgnres  may  be  rnnde,  including  the  faces  mentioned,  and  yet  of 
very  different  appearance  according  to  tbe  relative  size  of  each.  It  la 
usually  desirable,  however  to  represent  the  actual  appearance  of  tbe 
crystal  In  nature,  only  In  Ideal  symmetry,  hence  it  Is  important  In  all 
cases  to  have  a  sketch  of  the  crystal  to  be  represented,  showing  the 
relative  development  of  the  different  faces.  If  this  sketch  is  made 
with  a  little  care,  so  as  to  exhibit  also  the  parallelism  of  the  intersection- 
edges  in  the  occurring  zones,  it  will  eive  material  aid.  Tlie  zones,  it 
Is  to  be  noted,  are  a  great  help  In  drawing  figures  of  cryslnls,  and 
they  should  be  carefully  studied,  since  tbe  common  direction  of 
tbe  intersection.edge,  once  detennlned  for  any  two  faces  in  il,  will 
answer  tor  all  olben. 

XOOl. 


The  first  step  is  to  talra  tbe  isometric  axial  cross,  already  drown  on  a  suitable  card,  and 
of  a  conveniently  large  scale,  and  pierce  it  through  on  to  tbe  paper  to  lie  employed,  and 
then  adapt  it  lo  the  requirements  of  tlie  species  in  hand.  For  andalusite  tbe  axial  ratio  is 
d:b-.i  =  096  :  1  :  070.  Hence  tbe  vertical  axis  must  be  O'T  of  iU  isometric  length,  but 
(in  this  case)  tbe  lateral  axis  calls  for  uo  cbaii>ie. 

The  next  step  is  to  draw  on  the  plane  of  the  lateral  axes  (Ilg.  1001)  a  line  giving  the 
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trnce  of  mch  fmce  at  ft  is  needed.  Each  line  it  obtaloed  from  ihe  expreaikm  of  the  azfal 
Intercepts  transfomied  in  tlie  manner  already  explained,  so  that  the  value  for  S  almll  be 
tinitv.  For  the  faces  of  the  prism,  m  (110).  the  required  lines  are  jw  and  gi  (Big.  1001). 
ObvIouslT  their  interaection-edires  are  paralM  to  the  vertical  axis,  while  their  intenectlons 
with  the  base  e  (001)  are  paimllei  to  jw  snd  ft  Similarlj  the  mutual  intersectloii-edgca  for 
ahe  faces  of  the  prism  k  (210)  and  the  pinsooid  a  (100)  will  be  pamllel  to  CC. 

Further,  the  corresponding  lines  for  the  upper  faces  of  the  macrodome,  er,  that  is,  101 
sind  lOl,  are  pq  and  U :  those  of  the  faces  of  the  dinodome  s  (Oil)  are  g$  and  pt ;  those  of 
the  faces  of  the  pyramids  0  (111)  are  ab,  bt^,  oV,  b'a;  those  of  the  pyramid  •  (121),  whose 
intercepts  iu  the  niquired  form  are  la:  }ft :  le,  are a»,  ga\  afp,  to.  Each  of  Uie  planes 
meutioued  passes  also  through  O.  the  extremity  of  tiie  vertical  axis,  llierefore,  whatever 
iulersection-edge  is  called  for  is  civen  at  once  bv  the  figure.  For  example,  that  for  the 
faces  s  (121)  and  s  (Oil)  is  the  line  Joining  G  with  s,  since  the  lines  a$  and  m  representing 
these  planes  intersect  at  s  and  all  planes  pass  through  C ;  further,  the  same  directfon  ia  that 
of  the  intenection-edge  of  m  (110),  s  (121),  since  the  trace  of  at  (110)  also  passes  through  the 
point  f.  80  also  the  intersection.edge  of  0  (111)  and  s  (121)  will  be  the  line  joimna  C 
and  a.  and  the  same  line  is  that  required  for  r(lOl)  and  ^(111);  that  of  r  and  ir"  (2i0)  is 

fiven  by  the  line  Jobiing  C  and  s.  since  the  trace  of  lif\  or  aisi'  (Fig.  1001 ;  cf.  Fig. 
002),  if  produced.  meeU  that  of  r  (101)  or  ji^  at  a 

The  alx>ve  explanation  will  show  how  the  required  intersection-edges  can  be  obtained 
as  needed.  In  the  practical  use  of  the  method  ft  is  customary  to  b^gin  with  the  pre- 
4iomiDating  form  and  then  add  the  modifyina  faces  in  succession.  That  is,  in  the  case  in 
liand.  the  prism  m  would  be  drawn  terminated  by  e ;  then  periiaps  the  plnacoid  a  added ; 
then  the  prism  k{2l0),  and  afterward  the  terminal  faces. 

The  actual  figure  is  usually  made  on  the  sheet  of  paper  below  the  axial  projection 
<Fig.  1001),  the  directions  of  the  inter  section-edges  being  carefully  transferred  by  means 
of  a  triangle  slidina  against  the  aide  of  another  triangle  or  a  ruler.  The  figure  should  be 
made  connderably  larger  than  as  finally  required,  since  only  in  this  way  is  sufiBcient  aocu- 
racy  attainable.  The  final  tone  of  the  required  sixe  is  readily  accomplished  by  photo- 
engraving, if  the  drawing  is  done  clearly  and  in  black  lines. 

To  complete  the  figure  behind,  the  intersection-lines  can  be  obtained  in  the  same  way. 
It  is  to  be  noted,  however,  that  in  the  given  case  (of  an  orthorhombic  ciystal)  the  qnm- 
metxy  can  be  used  to  simplify  the  process,  or,  if  dmired,  merely  to  check  the  work  done^ 
since  every  point  in  front  has  a  corresponding  symmetrical  point  behind  equally  distant 
from  the  axial  plane  6c,  in  the  direction  of  the  axis  a.  The  symmetry  right  and  left  relatively 
to  the  axial  plane  ae  also  should  be  used  to  test  the  accuracy  as  regards  the  two  sides  of 
the  figure.  When  the  upper  half  of  the  figure  (or.  if  preferred,  the  front  balQ  is  completed, 
the  symmetry,  as  Doled,  is  usually  employed  in  the  completion  of  the  remaiuder.  since  (in 
this  case)  every  Hue  in  frout  above  has  one  parallel  and  equal  to  it  behind  below.  In  the 
case  of  crystals  of  lower  grade  of  symm  etry  the  method  is  less  simple,  and  in  some  instances 
considerable  ingenuity  is  called  for,  but  practice  will  serve  to  give  facility. 

On  the  Drawing  op  Twin  Crystals. 

• 

Twinned  Crystals.— In  order  to  project  a  compound  or  twinned  crystal  it  is  generally 
necessary  t<»  obtain  first  the  axes  of  the  second  individual,  or  semi-individual,  in  the  posi- 
tion in  which  they  are  brought  by  the  revolution  of  180'.  This  is  accomplished  in  the  fol- 
lowing  munner : "  In  Fig.  1002  a  compound  crystal  of  stuurolitc  is  represented,  iu  which 
twinniiii?  has  taken  place  (1)  on  an  axis  normal  to  (082),  and  in  Fig.  1008  this  is  shown 
fl2:«in  with  also  twinninc:  on  an  axis  normal  to  (282).  The  second  method  of  twinning  being 
the  more  cencml,  is  of  the  greater  importance  for  the  sake  of  example.  In  Fig.  1004  ec^, 
AV,  a/*  represent  the  rectangular  axes  of  staurolite  </  :  J :  ^  =  0*47  :  1  :  0*68).  The  twin- 
iiiiiK-plane  (232)  lias  the  position  MNR.  It  is  first  necessary  to  construct  a  normal  from  the 
<'enter  O  to  this  plane.  If  perpendiculars  be  drawn  from  the  center  O  to  the  lines  MN.  NR, 
MR,  they  will  meet  them  at  the  points  x,  y,  «,  dividing  each  line  into  segments  proportional 

to  the  squares  of  the  adjacent  axes  ;♦  or  Na? :  Mj'  =  ON* :  OM*.  In  this  way  the  points  ar. 
-V,  z  are  fixed,  and  lines  drawn  from  any  two  of  them  to  the  opposite  angl6«  R,  N.  or  M 
will  fix  the  point  T.  A  line  joining  T  and  O  is  normal  to  the  plane  (MNR  =  282).  Further- 
more, it  is  obvious  that  if  a  revolution  of  180"  about  TO  take  place,  that  every  point  in  the 
plane  MNR  will  remain  equally  distant  from  T.     Thus  the  point  M  will  take  the  place 

♦  Thl«  IS  tni«.  Rince  rhe  axial  aDfrlen  are  ••lehl  antrles.  In  ihe  Monoclinic  System  two  of  U»  axial  inter- 
sectioiig  are  perpeDdicular,  and  they  are  sufBcient  to  allow  of  the  detormloatioD  of  the  point  T  as  above. 
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«{MT  =  Th),  ilie  point  V  tLe  pUce  ff  (NT  =  Tyff),  nod  lo  on,    Ttie  lines  JolniDg  tlieK 

EiinU  n.  If.  r,  QLit  ihc  coDitiioD  center  0  will  be  tlie  ntw  axes  corresponding  to  MO,  NO, 
0.     In  order  lo  ubluln   the  unit  axes  corruspoudlng  la  t.b.  a  it  is  merely  necesurj  lo 
dmw  tbrougb  e  s  line  parallel  to  HTu,  meeting  ^O  at  y.  then  yOy   is  tbe  new  veril- 


cal  ails  corresponding  to  eOef ;  also.  ^O/l'correipondB  to  bOV,  and  aOaf  corresponds  lo  aOa'. 
These  three  axes,  then,  are  the  axes  lor  the  second  IndlTidiial  in  its  twiunvd  position;  upon 
them,  In  the  usual  way,  the  new  flgure  may  be  constructed  aud  then  tr&nsferred  to  its 
proper  position  with  reference  to  the  normal  crystal. 

For  the  second  method  of  twinnins,  when  the  axis  i*  normal  to  (083\  the  coDStructlOD 
is  more  siaiple.  It  Is  obvious  that  tbe  axis  is  the  line  Ox,  and  using  this,  as  before,  the 
new  axes  are  found :  leOte'  correaponde  to  cOe*  (sensibly  coinciding  with  W),  since  e  (OOl)A 
OSa  =  45°  41',  and  so  on. 

In  many  cases  the  simplest  method  Is  to  construct  flrst  tlie  aormal  cryalal,  then  draw 
through  iis  center  the  twlnnlng-plane  and  the  axis  of  reTolutlon,  and  determine  the  angular 
points  of  ilie  reversed  crystal  on  the  principle  alluded  to  above  ;  that  by  the  revolution 
every  point  remains  at  the  same  distance  from  the  axis,  measured  in  a  plane  at  right  angle 
to  the  axis.  Thus  In  Fig.  884,  p.  126.  when  the  scalenohedron  has  been  drawn,  since  the 
twlnuing.plane  is  the  basal  plane,  each  angular  point,  bj  the  revolution  of  180*,  obtains  a 

rslilon  equidistant  from  this  plane  and  directly  below  It.    In  this  wayeach  angular  point 
determined,  and  the  compound  crystal  Is  completed  lu  a  moment. 


Drawing  of  Projection b. 

Horisontal PrQjaotioiu. — It  is  often  convenient  to  hnve.  Instead  of  a  drawlngnf  a 
plete  crystal,  a  so-called  horiionlal  projection  of  its  faces  upon  a  single  plane.  The  i 
selected  Is  usually  that  normal  to  the  prismatic  zone — in  other  words,  that  parallel  ti 
base  of  all  crystals  except  those  of  the  cllnometric  system  ;  Figs.  30,  33,  84,  80.  3&,  oi 
IS,  16.  are  example*.  Oiher  planes  may  also  be  taken  with  advantage  In  certain  case 
for  example,  tlie  cllnodiagoual  axial  plane  wllb  monocllnic  crystals.  Fig.  836,  p. 
represeola  such  a  projection  of  a  crystal  of  epidote. 
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The  driiwing  of  these  projections  is  readily  accomplished  by  one  who  has  mastered 

the  oiethod  already  described  (p.  551) ;  it  is  further  illustrated 
here  by  Figs.  1005, 1006.  The  projection  ^iven  {Fig.  1005)  i» 
that  of  the  figure  of  audalusite  shown  in  Fig.  lOiOO. 

In  Fig.  1006  the  dotted  lines  aa\  bb'  represent  the  lateral 
axes  (here  sensibly  equal).  The  projection  of  the  uoit  prism 
m  (110)  on  this  plane  gives  the  lines  jm  and  qi\  of  the  prism. 
k  (210),  the  lines  un'  and  fnm'\  of  the  pyramid,  f  (131),  the 
lines  as,  a'q^  a'p,  and  at,  etc. 

The  intersection-edges  for  any  two  planes  will  be  driven  by 
the  line  drawn  through  c  (the  extremity  of  the  vertical  axis  as 
projected,  common  to  all  planes),  and  also  through  the  point 
where  the  lines  representing  the  given  planes  intersect.  Thus 
the  faces  z  and  $  are  represented  in  the  projection  by  the  lines 

oi  and  q$  respectively.    These  lines  meet  at  «;  hence  the  intersection-direction  for  the  two 

faces  will  be  the  line  drawn  through  O  and  «. 

1006. 


The  projection  shown  in  Fig.  1006.  when  each  face  of  a  crystal  is  represented  by  a  line 
on  a  given  plane,  usually  that  normal  t.)  the  prismatic  zone  (vertical  axis),  was  proposed  by 
Quensledt.  and  is  known  as  ilie  Qnenstedt  Projection  ;  it  was  made  by  him  the  basis  of  an 
elaborate  system  of  crystallography.  It  will  be  noticed  that  zones  here  are  represented  by 
points,  since  all  the  lines  representing  the  faces  of  a  given  zone  must  pass  through  the  same 
point    in   the   plane  of   projection  ;   this  is  still  true  mathematiaiUy  of  lines  which  are 

parallel. 

Spherical  Projection. — Various  methods  have  been  suggested  and  are  in  use  for  repre- 
.senling  the  positions  of  the  faces  of  a  crystal,  especially  with  respect  to  their  zonal  rela- 
tions, the  angles  between  them,  etc.;  these  do  not,  however,  attempt  to  give  a  picture  of 
the  cry.sial  itself.  C)ne  of  these— the  Quenstedt  projection— represented  l>y  Fig.  1006.  has 
already  heen  spoken  of.  Another  valuable  method  is  that  of  Gokischniidt,  which  he 
makes  th(5  base  of  his  ingenious  and  pnu^tical  system  (see  references  on  p.  117). 

The  most  serviceable  metho<l  aixl  the  only  on<'  used  in  the  present  book  is  the  spherical 
projection  described  in  Arts.  39  to  42  and  of  which  examples  are  given  in  the  pages  foUow- 
inir  (see  Fiir.  110.  p.  41:  171.  p  58,  etc).  The  method  of  construction  needed  has  been 
explained  in  Art.  40,  so  far  as  it  applies  to  th<'  orthometric  systems. 

For  the  monodinic  system  it  is  to  be  noted  (cf.  Fig.  327.  p.  103.  and  Fig.  1008)  that 
while  the  poles  of  the  prismatic  faces  still  lie  on  the  circumference  of  the  circle  and  can  be 
fixed  at  once  ^vith  a  protractor,  and  while  all  the  ortliodomes  (AOO  lie  in  the  diameter  from 
a  (100)  to  a'  (100)  at  90°  from  b  (010),  the  base  r  (001)  is  not  the  middle  point  of  the  circle, 
as  in  the  projections  of  the  orthometric  systems.  The  po.sition  of  c  can,  however,  be 
readily  fixed,  since  the  complement. r)f  the  angle  ac  (100  a  001  =  fi)  gives  its  angular 
distance  from  the  middle  point  of  the  diameter  aa  (P  in  Fig.  1008);  and  this  distance  on  the 
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projection  is  proportional  to  tbe  tangent  of  half  this  angle  in  terms  of  tbe  given  rudiua.  So 
also  tbe  position  of  any  orlhodome  wbose  angular  disUnce  from  a  (100),  a'  (100),  or  c  (001),. 
is  known  can  be  fixed  on  tbe  spbere  of  projection  in  tbe  same  way. 
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Instead  of  using  tbe  tangent  of  tbe  half  angles  witb  a  scale  of  proportional  parts 
distances  may  be  readily  constructed  witbout  calculniion.    Tbus  for  epidote  we  bave 

(U,  100  A  101  =  29''  54'; 
ac,  100  A  001  =  64'  87'; 
aV,  100  A  i01  =  5r41'; 
a'l,  100  A  201  =  25'  57'. 

Draw  a  circle  witb  the  given  radius  (Fig.  1007)  and  measure  off  on  tbe  circumference 
from  a  (100)  and  a'  (100)  tbe  successive  augles  given.  Tben  join  tbe  points  so  fixed  with 
tbe  point  0,  tbe  opposite  extremity  of  tbe  diameter  at  rigbt  angles  to  aPa\  wbicb  is  sup- 
posed to  be  tbe  position  of  tbe  eye  in  tbis  method  of  projection.  Tbe  points  wbere  tbese 
lines  intersect  tbe  diameter  a/V  give  tbe  position  of  e  (101),  c  (001),  r  (101),  I  (201),  to  be 
used  for  tbe  projection  of  Fig.  1008. 

Wben  the  positions  of  tbe  poles  of  tbe  ortbodomes  of  tbe  given  crystal  are  fixed  i]> 
tbe  diameter  aa*  (Fig.  1006),  and  also  those  of  the  prisms  en  tbe  circumference  of  the 
circle,  it  is  obvious  that  tbe  pole  of  any  other  face  can  be  determined  by  drawing  the 
proper  circular  arcs.  Tbus  the  arc  010,  101.  010  and  that  110,  001. 110  together  determine 
the  position  of  111,  and  so  on  for  any  pyramid.  Again,  tbe  arc  100,  111,  100  and  010,  001, 
010  determine  tbe  position  of  Oil.  It  is  to  be  noted,  howeTer,  that  for  sake  of  accuracy  it 
may  be  better  to  fix  tbe  pole  of  Oil,  or  any  given jclinodome,  independently.  If  (Fig.  1008) 
a  diameter  be  drawn  connecting  h  (010)  and  V  (010),  it  is  clear  that  tbe  angular  dbtance  hr 
and  hence  Pa?  (P6  =  90')  can  be  obtained  at  once  by  the  solution  of  a  single  right-angled 
triangle  in  which  tbe  bypothenuse  (010  a  Oil  or  in  general  001  a  OAZ)  is  known  and  alFo 
tbe  angle  at  6— the  last 'being  equal  to  90*— a«.  When  the  point  a?  is  known  the  circular 
arc  oxol  determines  the  position  of  Oil,  and  so  in  general  of  any  clinodome.  Fig.  1007 
makes  it  clear  at  once  why,  as  stated  in  Art.  40,  tbe  tnngent  of  half  the  angle  from  the  cen- 
tral point  of  the  sphere  srives  tbe  position  of  any  pole,  tbe  radius  of  tbe  circle  being  taken  as 
unity.  It  is  seen  here  (Fig.  1007)  that  tbe  actual  angle,  for  example  60'  6',  for  e  (101)  at  the 
center  is  one-half  tbe  corresponding  anjrle  (80"  8')  at  the  circumference  ;  further,  the  distance 
Ye  is  proportional  to  tan  30**  8'  (tan  \  60"  6'),  wbere  tbe  radius  aP  is  equal  to  unity. 

In  the  triclinie  system  the  spherical  projection  can  be  drawn  by  an  extension  of  the 
method  just  described.  It  is  assumed  that  the  angles  between  the  pinacoids  are  known, 
ab,  ac,  be  :  also  the  angles  of  tbe  triangle  obe  which  are  tbe  supplements  of  tbe  axial 
angles  a,  fi,  y.  In  tbe  first  place  the  positions  of  a  (100),  h  (010),  and  of  tbe  prisms  are 
fixed  by  the  protractor  on  the  circumference  of  the  circle.    Now  draw  through  aa'  a 
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diameter  and  at  rieht  angles  to  this  another  diameter,  meeting  tlie  circumference  at  two 
points  B,  B',  90**  From  a  and  a'.  A  circular  arc  drawn  through  BB'  and  e  (001)  will 
cut  the  diameter  aa*  at  a  point  K,  whose  distance  from  the  (renter  P  can  be  culculated 
in  a  right-angled  spherical  triangle  in  which  the  hypothenuse  (ae)  and  the  adjaceut  angle 
At  a  are  known.  Hence  the  position  of  K  is  fixed.  Again,  draw  the  dhimeter  bO',  and 
ut  right  angles  to  it  another  diameter,  AA\  If  L  is  the  point  on  hlf  where  it  is  cut  by 
the  circular  arc  through  beb\  the  distance  PL  can  be  similarly  calculated.  With  K  and 
L  both  fixed,  it  is  easy  to  draw  aea*  and  bcb\  and  thus  determine  the  position  of  e.  After 
the  zone  circles  oea'  and  beb'  have  been  drawn,  the  position  of  any  dome  {hOl  or  (M)  can 
be  similarly  found  by  a  sinele  calculation,  and  as  the  prisms  have  been  fixed  it  is  easy  to 
locate  any  required  pyramid. 

On  the  general  method  of  projection  applicable  to  triclinic  crystals,  see  Groth«  Ph3rB. 
Kryst.,  p.  579,  ^  §eq,,  and  Liebisch,  Geometr.  Eryst.,  p.  134,  et  §eq. 
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TABLES  TO  BE  USED  IN  THE  DETERMINATION 

MINERALS. 


OF 


This  Appendix  contaiDS  a  series  of  tables,  more  or  less  complete,  of  minerals  arranged 
according  to  certain  prominent  crystal lograpliic  or  physical  characters.  These,  it  is 
believed,  will  be  of  service  not  only  to  the  studeut,  but  also  to  the  skilled  mineralogist. 
Table  I.,  of  Minerals  arranged  according  to  8ystem  of  Crystallization,  is  intended  to  umbruee 
all  well-recoguized  species,  though  those  of  relatively  greater  importance,  especially  aa 
regards  occurrence,  are  indicated  by  being  printed  in  heavier  type. 

The  other  tables  make  no  claim  to  completeness,  being  limited  often  to  common  and 
important  species. 

For  an  exhaustive  system  of  Determinative  Tables  based  particularly  upon  blowpipe 
and  chemical  characters,  the  student  is  referred  to  the  work  of  Professors  Brush  and  Pen- 
field,  mentioned  on  p.  256. 

L  MINERALS  ARRANGED   ACCORDING   TO   THEIR  SYSTEM  OP 

CRYSTALLIZATION. 

The  following  lists  are  intended  to  include  all  well- recognized  species,  whose  crystalliz- 
ation is  known,  arranged  according  to  the  system  to  which  they  belong,  and  further  classi- 
fied by  their  luster  and  specific  gravity  ;  the  hardness  is  also  given  in  each  case. 

I.  CRYSTALLIZATION  ISOMETRIC* 
A.  Luster  Unmetaluc. 


Sal  Ammoniac  (p.  819). . 

Ealinite  (p.  535) 

Paujasite(p.  460) 

Sylvite  (p.  819) 

Halite  (p.  818) 

Hydrophilite  (p.  821) . . . 

Sodalite  (p.  412) '. . . 

Analcite  (p.  460) 

NoseUte  (p.  418) 

Northupite  (p.  864) 

Haiiynite  (p  412) 

LeuciteCp.  881) 

Lazurite  (p.  418) 

Sulphohalite  (p.  521) 

Uiilstonite  (p.  828) 

Vokaite(p.  537) 

Langbeiuite  (p  523) 

Zunyite  (p.  414) 

Pollucite(p.  882) 

Boracite  (p.  518) 

Pharmaco8iderite(p.518) 
Nitrobarite  (p.  517).   ... 

Fluorite(p.  820) 

Helvite(p.  414) 

Oamet  (p.  415) 

Hhodizite  (p.  518) 

Danalite  (p.  414) 

Hauerite  (p.  801) 

Diamond  (p.  271) 

Spinel  (p.  888) 

Periclase(p.  881) 


Specific 

Hard- 

Gravity. 

ness. 

1-58 

1-^2 

1-75 

2-2-5 

1-92 

5 

1-98 

2 

214 

2-5 

2-2 

214-2-80 

5-5-6 

2-2-2  8 

5-5-5 

2-25-2-4 

5-5 

2-88 

86-4 

2-4-25 

5-5-6 

245-2-50 

5-Bk6 

2-88-2-45 

5-55 

2-49 

85 

2-58 

4-5 

279 

8-4 

2-88 

2-87 

7 

2-90 

6-5 

2  9-8 

7 

2-9-3 

2  5 

8-2 

8-2 

4 

816-3-36 

6-6-5 

8-8-4-8 

6-6-7-5 

8-4 

8 

8-48 

5-5^ 

8  46 

4 

8  52 

10 

8-5-4-1 

8 

8  67 

6 

Arsenolite  (p.  880) 

Schorlomite  (p.  419). . . . 

Hercynite  (p.  839) 

Sphalerite  (p.  291) 

Nantokite  (p.  817). .. . 

Mar8hite(p.  817) 

Alabandite  (p.  292) 

Perovskite  (p.  487) 

Berzeliite  (p.  495) 

Oahnite  (p.  889) 

Pyrochlore  (p.  489) 

Koppite(p.  489) 

Zirkelite  (p.  846) 

Hatchettolite  (p.  489).... 

Lewisite  (p.  516) 

Atopile(p.  516) 

Percylite,  Boleite  (p.  822) 

Mauzeliite  (p.  516) 

Manganosite  (p.  332). . . . 
Sennrmontite  (p.  880).. . . 

Embolite  (p.  819) 

Oerargyrite  (p.  319).. . . 

Miersite(p.  319) 

Mlcrolite  (p.  489) 

lodobromite  (p.  819). . . . 

Bromyrite(p.  319) 

Cuprite  (p.  831) 

Bul3rtite(p.  414)  

Bunsenite(p.  882) 

Monimolite  (p.  496) 


Specific 
Qravitj. 


3-7 
8-81-8-88 
8-9-3-95 
39-41 
8-98 
5-6? 
8-95-4  04 
4-03 
4-08 
4-0-4-6 
4  2-4-38 
4-45-4  56 
4-71 
4-8-4  9 

4  95 

5  08 
5  08 
5-11 
5-18 

5- 2-5 -3 

5-3-5-4 

6-65 

5-6 

6-6-6-1 

5-71 

5-8-6 

5-85-615 

611 

6-4 

6-68;  7-29 


Hard- 
ness. 


1-5 
7-7-5 
7-5-S 
8-5-4 
2-2-S 

8-5-4 

55 

5 

7-5-g 

5-5  5. 

5-5 
5 

5-5 
55-(^ 

2-0 
6-6-5 

5-6 
2-25 
1-1-5 
1-1-5 

55 

1-1-5 
2-8 

85-4 
4-5 
5-5 
5-6 


*  Some  pseudo-iaometric  species  are  here  included.    Species  with  submetallic  luster  are  placed  under 
B,  but  some  species  are  included  in  both  lists. 
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Bl  Lcrxb  MsrALUC  (abd  B 


iTllJ.   ' 


Hmuerite  (p.  aoi) 

Spluileriie  ip.  291) 

AlalMiidite  (p.  39GS) 

Cubuite  (p.  397). 

Dystiuly le  (p.  408) 

tiianuiU:  (p.  315; 

<BiiOBiU  (!>.  841) 

Biiiuiie  (p.  808) 

TMUMUititotp.  818) 

TstnlMdrite  (p.  813). . 
MmgnesiofeiTiU;  (p.  841). 

PmUandito  (p.  298) 

Polyd jmile  <p.  396) 

JacobsiU!  (p.  841) 

Sycbnodyoiite  (p.  398). . 

XimiaiU  (p.  397) 

Csrrollite  (p.  397) 

Ilixbyitc  (p.  848). 

PyriUCp.  aOO) 

FnuikUiiito(p.  841> 

MagiMttto  (p.  889) 

Boniito  (p.  297) 

<3eiiKlorffite  (p.  802) 

Onptito  (p.  881) 

BmogniATdfte  (p.  809).. . 

Coryoite  (p.  802) 

Ar^rodite  (p.  816). 

CobalUterp.  301) 


8-46      I 
8^^'l 
8«-l-01 

4-0-4-1 

4-18 

4-8-4-53 

4-8-I-57 

4-5 

4-4-4-49 

4-4-51 

4-57-4-65 

4-6 

4-5-4-8 

4-75 

4-76 

4-8-5 

4-85 

4-95 

4-95-5-10 

5-07-5-22 

5-18 

4-9-5*4 

5.6-6-3 

5-85-6-15 

5-95 

5-95-6-08 

61-6-2 

6-63 


Bud. 


4 
8-5-1 
8-5^ 

4 

4 
5-5 
2-5-3 
8-4 
8-4 
6-6-5 
8-5-4 
4-5 
8 

5-5 
5-5 
6-6-5 
6-6-5 
6-6-5 
6-6-5 

8 

5-5 

8-5-4 

8-5 

4-5-5 

36 

5-5 


!l 


I 


I" 


I 


Gulleldfte  (p.  816) 

mfanuito  <p.  802). . . . . 
BMaltito,  ChkMUiUiite 

(p.801) 

Skattemdite  <p.  807) 

Willyamite  (p.  803) 

Ftolymrgyifte  (p.  SlQ. . . . 

Laarite  (p.  802) 

(p.  288) 

(p.  381).  ■  •    •••*   •■• 

(p.  287) 

(p.  889) 

HeUcinnabarite  (p^  292). 

Ctftottbalite  (p.  288) 

Kaumannite  (p.  288). . .  J 

Altaite  (p.  268) 

Tfeinaniiile  (p.  292). . . . 

Hflttite  (p.  289) 

Ooppar  (p.  278) 

UraniBito  (p.  521) 

Bihrar  (p.  278) 

Spenylite  (p.  802) 

lMd(p.379) 

Falhidiuiii  (p.  381) 

Amalgam  (p.'279) I 

Platliiiim  (p.  880) 

Gold  (p.  275) 

Iridium  (p.  380) 


6-W 

S-M 

6-B-6-7 

ff-C-i 

6-4-9-6 

8-84 

8-7-6-86 

8 

6-87 

5-8 

6-B7 

2-5 

7-0 

7-5 

7-»-7-88 

»-S-5 

7-8-7^ 

4-5 

7-4-7-6 

884 

7-5 

8-5 

7  8 

8 

7-6-8-8 

t-S^ 

80 

8-5 

8-16 

8 

8-8^S-5 

8-8 

8-8-8-9 

8-8-8 

8  8-8-9 

8-8-8 

9-9-7 

6-8 

10-1-11-1 

8-84 

10-6 

6-7 

11-4 

1-5 

118-11-8 

48-8 

18-7-14-11 

8-8-8 

14-19 

448 

15-6-19-8 

8*84 

33  6-23  8 

6-7 

II.    CRYSTALLIZATION    TETRAGONAL. 
A.  Luster  Unmet aixic. 


3Iellite  (p.  542) 

Darapflkite  (p.  517) 

Apophyllite  (p.  452) 

I^>weit<!  (p.  585) 

Ecdcmitc  (p.  518) 

8nrconte(p.  426) 

Marialitofp.  426; 

Mizz(»iiitc  (Dipyre).  (426) 
Wernerite      (Scapolite), 

(p  426) 

Meionite  (p.  425) 

E(lin|,^lonit<;  (p.  460) 

Ohiolite  ^p.  821) 

Mcllliie(p.426) 

Gchlenilf  (p.  427) 

Meliphanite  (p.  407) 

Sellaite(p.  821)  

ZeuDeritc  (p.  515) 

Pinnoite  (p.  520) 

Vatuvianite  (p.  428) 


1-64 

2-2-5 

2a-2-4 

4-5-5 

2-38 

2'.V3 

6-9-7  1 

25-3 

2-54--2-93 

G 

2-57 

5-5-6 

2-62 

5*5-6 

2'66-2-73 

5  5-6 

2-70-2-74 

5  5-6 

2-70 

4-4-5 

2-84-2  99 

35-4 

2  9-3  1 

5 

2-9-31 

5  5-6 

301 

5-5  5 

2-97-3-15 

5 

3-2 

2-2  5 

3-27-3-37 

3-4 

8-35-3-45 

6-5 

Torbemite  (p.  515) 

Trippkeile(p.  516) 

Octahedrite  (p.  346) 

Rutile  (p.  345)  

Xenotime  (p.  494) 

Powellite(p.  541) 

Thorite  (p.  430)    

Ferpnsoniie  (p.  490) 

Zircon  ip.  428) 

Ronieite(p.  516) 

Sipvlile  (p.  490> 

Gnnomnlite  (p.  408) 

Scheelite  (p.  540) 

Phosgenite  (p.  364) 

Calomel  (p.  317) 

Wulfenite  (p.  541) 

Oassiterite  (p.  344) 

Matlockite  (p.  322) 

Tapiolite  (p.  492) 

Stolzite 


84-8-6 

8-8-3-95 

418-4 -25 

4-45-4-56 

4-53      ' 

4-4-5  4 

4-4-,5-8 

468-4-7 

4-71 

4H9 


5-74 

5-9-61 

6-6  09 

6  48 

6-7-70 

68-71 

7-3 

7-86-7-lL 
7-87-8-18 

3-3-5 

5-54 

6-6-5 

4^ 

3*5 

4-5-5 

5-5-« 

7  5 

5-54 

6 

8 

4->-5 

3^54 

1-8 

3-75-3 

6-7 

8-54 

6 
3-754 
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B.  LuBTER  Metallic  (and  Submetallic). 


Chaloopyrite  (p.  2»7). . . 

RuUle(p.  845) 

FergUbouite  (p.  490) 

Hausmannite  (p.  342) . . . 
Brauiiite(p.  348) 


Specific 
Gravity. 

Hard- 
Dess. 

41-4-8 
418-4«:5-2 

4-4-5-8 
4 -7-4 -86 
4 -75-4 -82 

3-5-4 
6-6-5 
5-5-6 
5-5-5 
6-6-5 

Polianite(p.  845) 

ReiniteCp.  542) 

Haucbecornite  (p.  295) . . 

Tapiolite(p.  492) 

Plattnerlle  (p.  346) 


Specific 
Oi-avifcy. 


4-84-5-0 

6-6  4 

6-4 

7-86-7-5 

8-5 


Hard- 
ness. 


6-6-5 

4 

5 

6 
5-55 


III.     CRYSTALIZATION  HEXAGONAL.* 
Rhomboliedrul  species  are  distioguisbed  by  a  letter  R. 
A.  Luster  Unmetallic. 


Ice  (p.  381) 

Cyprusite?  (p.  537) 

Ettriugite  (p.  538) 

Tbaumasite  (p.  483) . . . . 

Omelinite  (p.  459)  R 

Coquimbite  (p.  535)  R.  . 

Utahite  (p  536)  R 

Chabazite  (p.  458)  R 

Levynite(p.  459)  R 

Hydronepbelite?(p.  463). 
Soda  niter  (p.  517)  R. . . . 

Tridymitu(p.  328) 

Brucitefp.  851)  R 

Oancrinite  (p.  411) 

Microsommite  (p.  411). 

Knliopbilite  (p.  410) 

€arpbosiderite?(p.536)R 
MetavoUine  (p.  537) .... 
<3halcophyllite(p.511)R. 

NepheUte(p.  409) 

Hanksite(p.  530) 

rerronatrite  (p.  536)  R. . 

Milarite  (p.  369)  

Apbtliitaliiefp  523)  R.. 

Quartz  (p.  324)  R 

Beryl  (p.  405) 

Eucivptite  (p.  410) 

Aluiiite(p.  537)  R 

Ponninite(pw»ii .)  f  p.  474)  R 

Oalcite(p.  354)  R  

AUimian  (p.  530)  

CatHpleiile  (p.  407) 

IJolomite  (p.  357)  R  ... 

Martinite  (p.  510)  R . 

Eudialyte  (p.  407)  R 

Ankerite(p.  358)  R..  .. 
Phenacite(p.  423^  R. ... 
Tourmaline  (p.  447)  R. . 
Magne8ite(p  358)  R.... 
Pyrosmalite  (p.  424)  R. . 
Friedelite  (p.  424)  R. . . . 
Spangolite  (p.  580)  R... 
Apatite  (p.  497) 


0  9 
1-75 

1-75 

1-88 

204-217 

2-09 

208-216 
209-2-16 

2  26 

2-26 
2-28-2  83 
2 -38-2 -4 
2-42-2-5 

2-44 

2-49 

2-50 

2-58 
2-44-2-66 
2-55-2  65 

2-56 

2-56 

2-57 

2-64 

2-65 

2-64-2-7:2-80 

2-67 

2-67 
2-6-2-85 

2-71 

2-74 

2-8 

2-8-2-9 

2-89 
2'91-2-98 
2  95-81 
2-97-30 
2-98-3-20 
80-312 
8-06-319 

807 

814 
8- 17-3 -28 


15 

2 

2-2-5 

35 

4-5 
2-2-5 

4-5 
4-4  5 
4-5-6 
1-5-2 

7 

25 

5-6 

6 

6 

4-4-5 

2-5 

2 

55-6 

3-3-5 

2 
5-5-6 
3-3'5 

7 
7-5-8 

8-5-4 
2-25 

3 
2-8 

6 
3-5-4 

5-5-5 
8-5-4 
7-5-8 
7-7-5 
8-5-4-5 
4-45 
4-5 

2 

5 


Jarosite  (p.  537)  R 

Raimotidite  (p.  536).... 

Hamliuite(p.  503)  R 

Pyrochioite(p.  351)  R. 

Jeremejevite  (p.  518). . . 

DioptaseCp.  424)  R 

JSvaiibercite  (p.  516)  R.  . 

Cronstedtite  (p.  475)  R.. . 

Htinatolite(p.  507)  R.   . 

Counellite  (p.  680) 

MesititeCp.  369)  R 

Rhodochrosite  (369)  R. . 

8vabile(p.  601) 

Siderite(p.  359)  R 

RbabdopbaDile(p.509)R. 

Wurtzile  (p.  295) 

Corundum  (p.  333)  R. . . 

Willemite  (p.  422)  R.... 

Spbffiiocobaltite  (361)  R.. 

Melanocerite  (p.  407)  R.. 

Tritomite  (p.  407)  R... 

NordeDskiOldioe  (518)  R. 

Cai-yocerite  (p.  407)  R... 

Parisite  (p.  864) 

Smithsonite  (p.  360)  R. . 
Beudantite  (p.  516)  R.  . . 
Plumbogummite?  (p.  51 4) 
Cappelenite  (p.  407). . . . 
Oreenockite  (p.  294).... 

Hematite  (p.  334)  R 

Xautboconite  (p.  815)  R. 

Zincite(p.  832) 

Proustite  (p.  811)  R 

lodyrite  (p.  819) 

Fluocerite  (p.  322) 

Pyrargyrite  (p.  811)  R. . 

Penfieldile  (p.  322) 

Barysilite  (p.  408) 

Ty8onite(p.  321) 

Pyromorphite  (p.  499) . 

Vanadinite  (p.  500) 

BfimeUte(p.  500) 

Cinnabar  (p.  298)  R.... 


8-20 
8-20 
8-28 
8-26 
328 
8  •28-8-85 
3  30 
8  35 

3  85 
836 

8-38-3-42 
8  45-8  60 

8-52 
883-3  88 
8-94-4  01 

3-98 
3-95-410 
894-419 
402-418 

4  18 
4  20 
4-20 
4-29 
4  86 

4-80-4-45 

4-4-3 

4-4  9 

4-41 
4-9-50 
4-9-5  3 

5-5-2 
5-4-5-7 

5-6  i 
6-6-5-7  ! 
5-7-5-9 

5-85 

6-11 

618 

65-7-1 

6-66-6-86 

70-7-25 

8-0-8-2 


2-5-8-5 
8 
4-5 
2-5 
6-5 
5 
5 
8-5 
8-5 
8 
8-5-4 
8-5-4-5 

5 

85-4 

85 

8-5-4 

9 
55 
4 
6-6 
65 
5-6-6 
5-6 
4-5 
5 
3-5-45 
4-5 
6-6-5 
3-3-5 
5-5-6-5 

2 
4-4  5 
2-2-5 
1-1-5 

4 
25 

8 
4-6-5 
8-5-4 

8 

8-5 

2-2-5 


*  Some  pseudo-hezagoDal  species  are  included. 


/ 
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▲PPSVDIX  BL 


B.  Lcvm  MsrALuc  (mmd  BctaastAJLUc), 


OnuphiU  (p.  978)  R 

Cbaioopbmiiite  (p.  S82)B. 

nmmdUip  886)  R 

CoTellite  (p.  284) 

PyiriiotiU(p.  286)..... 
MtitfbdmdU  (p.  285). .. 

UogiMoite  (p.  446) 

BMBaUto  (p.  884)  R  ... 
lli]l«ito(p.  885)R.... 
"    (p.874)R. 


(p.811)K. 

(p.  875)  R. .  . 

AUeoiootke  (p.  876)  R... 
AnfiMony  (p  875)  R... 
Tetiadnnite  (p.  884)  R.. 

NioooUto  (p.  885) 

Breitbaupllte  (p.  286). . . 
dmialMff  (p.288)R.... 

~    rath  (p.  875)  R 

~      (p.880)R... 


5-8S 

81^-8 

6-8 

6-7 

7-8-7-6 

7-8-7-67 

7-54 

8-0-8-8 

8-7-8-8 

18-a-81-l 


8-5 

l-8i 
8-5 


1-5-8 

6-5-5 

5-5 


8-8-5 

6-7 


lY.    CRT8TALUZATI0N  ORTHORHOMBIC. 
A.  LusTBR  Unmstaixic 


Tescbemaeberfte  (p.  864) 
Thennonatritejp.  866).. 

Carnallite  (p.  888) 

8tniviU(p.  607) 

Eptomile  (p.  588) 

Mucagoite  (p.  528) 

Nesquebonite  (p.  8iB6).. . 

Godarite  (p.  588) 

Moreoodte  (p.  588) 

Sn^ihiir  (p.  278) 

Llndackerite  (p.  516). . . . 

Newbeiyite  (p.  510) 

Niter  (p.  517) 

Sideronatrlte  (p.  537) 

Fliiellite  (p.  322) 

NatroUte  (p.  461) 

Okeniie?(p.  452) 

FeisObauyite  (p.  537) 

Thomsouite  (p.  462). ... 

Wavellite(p.  512) 

Hambergite  (p.  518). . . . 

Pirssonite  (p.  366) 

Sulfoborite  (p.  521) 

Fischerile(p.  512) 

Feganite(p.  512) 

Elpidite  (p.  407) 

HowIite?(p.  519) 

Prehnite  (p.  442) 

Anhydrite  (p.  528) 

Aragoiiite(p.  361) 

Spodiosile?  (p.  502) 

L<;ucophauite  (p.  407). . . 
Danburite  (p.  430). ..... 

Tvrolite(p.  511) 

Harsiigile  (p.  442) 

Redilingite  (p.  508) 

Bertninditc  (p.  446).... 

DiiitlianiU' (p.  366) 

IoUte(p.  407) 

Thenardite  (p.  523) 

Hopeite  (p.  507) 

Phosphosiderite  (p.  610). 


1-45 
15-1-6 

1-6 
1-65-1-7 

175 

1-77 

184 
1-8-81 

2-0 

807 
8-0-2-5 

2-10 
2-08-214 

2  15 

217 
2-20-2-25 

2  28 

233 
2 -3-2 -4 

2-83 

2  35 

2  35 
2-3^2-45 

246 

2*50 
2-52-2-59 

2-55 
2  •8-2-95 
290-2-98 

2-94 

2-94 

296 
2-97-302i 


1-5 
1-1-6 
1-15 

8 

2-2-5 

8-2-5 

2*5 

2-2-5 

2-2-25 

1-5-2-5 

8-2-5 

8-8-5 

2 
2-2-5 

3 
5-5  5 
4-55 
1-5 
5-5-5 
35-4 
7-5 
3-35 

4 

5 
3-3-5 
65-7 

a-5 

6-6-5 
3-3-5 
3-5-4 

5 

4 
7-7-25 


^   '• 


30-3-1 

1-5       ' 

305 

5*5 

810 

3-3-5 

12-0 

6-7 

2-6 

2-5-3 

2  6-2  66 

7-7-5 

2-68-2-69 

2-3 

2  76 

25-8 

2-76 

3-76 

lUc(p.478) 

Beryllonile  (p.  486) 

HaidiDgerite  (p.  510) 

8treDgite(p.  510) 

Lawsonita  (p.  447) 

Homtto  (p.  448) 

Anthopliylllto  (p.  896) 
AiiilalMiU(p.  488).... 
BBaUttt»  (p.  884) 


Autmilta  (p.  515) 

Mootkellite  (p.  4SSt) . . . . 


£o>phorite  (p.  514) 

Cbifdrenite  (p.  518) 

SUlimanite  (p.  483) 

8corodit6(p.  509) 

Losseuite  (p.  516) 

Fonterite  (p.  422) 

Dumortierite  (p.  449) 

Korncrupine  (p.  451)  . . . 

Zoiaite(p.  437) 

Dufrenite  (p.  506) 

Ohrysolite  (p.  420) 

Warwickile  (p.  518) 

Euchroite  (p.  511) 

Aslropbyllile  (p.  487). ... 

Diaspora  (p.  348) 

NHtrophilite  (p.  496)  .... 

Cenosite  (p.  483) 

Gerhard  lite  (p.  517) 

Hypersthene  (p.  885). .. 
Uranospinite  (p.  515) — 

Guaiinite(p.  487) 

Calamine  (p.  446) 

Litbiophiliie  (p.  496).... 

Topaz  (p.  431) 

Langite  (p.  586) 

Uranocircite  (p.  515). . . . 

Triphylite  (p.  496) 

Epidid^mite  (p.  369)..   . 

Mazapilite  (p.  514) 

Hemafibrite  (p.  511) 

Ohrysobaryl  (p.  842) . .. 


8-7-8-8 

1-1-f 

8-84 

5-5-8 

8-85 

1-5-8-6 

8-67 

8-4 

8-08 

7«4 

81-8-8 

6-6-5 

8-1-8-8 

6-5-6 

8-16-8-8 

7-5 

8-15-8-8 

5-5 

8-06-8-18 

8-8-5 

8-08-8-85^ 

5^-6 

8-11-8-15 

5 

8-18-8-84 

4-5^ 

8-24 

6-7 

31-3-3 

8-5-4 

82-3-83 

6-7 

3-26 

7 

3-27 

65 

3  25-3-37 

6-6-5 

3-23-8-4  1 

85-4 

327-3-37 

65-7 

3-35 

8-4 

839 

8-5-4 

33-3-4 

8 

8-3-35 

65-7 

3-41 

4-6-5 

3  41 

5-5 

843 

2 

8-4-8-5 

6-5 

8-45 

2-8 

3-49 

6 

8-4-3-5 

4-5-5 

8-42-8-56 

4-5-5 

8-4-8-65 

8 

8-49 

25-8 

8-53 

8-52-8-55 

4-5-5 

8-55 

5-5 

8  67 

4-5 

8-50-8-65 

8 

8-5-3  8 

85 
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A.  Luster  Unmetallio. 


Ardeniiite  (p.  445) 

liibethenite  (p.  504). . . . 

SUurolite(p.  450) 

Strontianite  (p.  862). . . . 

Bromlite(p.  362) 

AUcainite(p.  822) 

Uranopbaue  (p.  488) 

Flinkite(p.  006) 

Serpierite  (p.  586) 

Brochantite  (p.  580) 

Brookite  (p.  847) 

Pinakiolite  (p.  518) 

Oele8tite(p.  526) 

Liidwigile  (p.  518) 

Knebelite(p.  422) 

Tephroite  (p.  422) 

Carminite  (496)  

Odthite(p.  349) 

Fayalile  (p.  422) 

Oliveniie  (p.  504) 

Witherite  (p.  862) 

Adamite  (p.  505) 

Barite(p.  524) 

Derbylile(p.  516) 


Specfflc 

Hard- 

Gravity. 

ness. 

• 

8*62 

6-7 

3-6-8-8 

4 

8-65-3 -75 

7-7-5 

8-68-8-71 

3-5-4 

8-72 

4-4-5 

8-76 

8-8-5 

8-81-89 

2-8 

3-87 

4-4  5 

8  91 

3-5-4 

3  87-4  07 

5-5-6 

3-88 

6 

8-95-3-97 

3-8-5 

8-91-4  02 

5 

3-9-4-1 

65 

4-4-12 

5-5-6 

4-105 

2-5 

40-44 

5-5-5 

4-414 

6-5 

4-1-4-4 

8 

4-8-4-85 

3-3-75 

4-84-4-85 

3-5 

4-5 

2-5-3-5 

4-58 

5 

Pseudobrookite  (p.  843) . 

EuxeDite  (p.  498) 

Cerite  (p.  447) 

iEschyuite  (p.  493) 

Polycrase  (p.  493) 

Cotunnite  (p.  821) 

Valentinite  (p.  880) 

Samankite  (p.  492) 

Yttrotantalite  (p.  492). .. 

MelaDotekite(p.  446) 

AnnerOdile  (p.  498) 

Phcenicochroite?  (p.  529) 

Tellurite  (p.  330) 

Descloiziie  (p.  505) 

Kentrolile  (p.  446) 

Anglesite  (p.  527) 

Pucherite(p.  496) 

Oaledonite  (p.  580) 

Daviesile  (p.  822) 

Laurioiiite  (  p.  322) 

Oenissite  (p.  868) 

Nadonie  (p.  516) 

Ochrolite  (p.  516) 

Mendipite  (p.  322> 


Specific 
Gravity. 


4-39-4  98 

4-6-5 

4-86 

4  98;  5  17 

4-97-504 

5-24-5-8 

5  57 

56-^-8 

5-5-5  9 

5-7 

5-7 

5-75 

5-9 

5  9-6  2 

6-19 

612-6-39 

625 

6-4 


6-46-6-57 
7  02 

7-71 


Hard- 
ness. 


6 

6-5 

55 

5-6 

5-6 

2 

2-5-8 

5-6 

5-5-5 

6-5 

6 

3-3-5 

2 

35 

5 

275-8 

4 
25-8 

8-3-5 
:^8-5 
3-5-4 

2-5-8 


B.  Luster  Metallic  (and  Submetallic). 


Brookite  (p.  847) 

Ilvaite  (p.  445) 

Stern bergite  (p.  290) 

Manganite  (p.  349).   . . . 

Enargite(p.  815) 

8Ubnite(p.  283) 

Famaliniie  (p.  315) 

Klaprotbolite  (p.  308). . . 
Witiicbenite(p.  810).... 

Euxenite  (p.  493) 

Chalcoslibite  (p.  308).... 

Pyrolusite  (p.  847) 

Polym ignite  (p.  498). . . . 

Stylolypite  (p.  310) 

Marcasite  (p.  802) 

^schiiiite  (p.  403) 

Zinkenite  (p.  307) 

Andorite  (p.  308) 

Sartorite  (p.  308) 

Oolumbite  (p.  490) 

Sundtile  (p.  308) 

Dufrenoysite  (p.  309)... 

Ohalcocite  (p.  290) 

Yttrotantalite  (p.  492)... 

Jamesonite  (p.  308) 

AnnerOdite  (p.  493) 

Melanotekite  (p.  446).... 


3-87-4-07 

4-0-4  05 

4-1-4-2 

4-2-4-4 

4-48-4-45 

4-5-4-6 

4-57 

4-6 

4-5-5 

46-5 

4-75-5 

4-78-4-86 

4-77-4  85 

4-8 

4  85-4-9 
4-93;  5-n 

5  8-5-35 
5.34 
5-39 

5-86-60 

5-5 

5-55 

5-5-5-8 

5-5-5-9 

5-5-6-0 

57 

57 


5-5-6 

5-5-6 

1-1-5 

4 

3 

2 

3-5 

2-5 

3-5 

6-5 

8-4 

2-2-5 

65 

8 

6-65 

5-6 

3-8  5 

8 

6 
8-4 

3 

2-5-8 

5-5-5 

2-8 

6 
6-5 


Boumonite  (p.  310) 

Boulangerite  (p.  309).. . . 

Hielmlte  (p.  493) 

Diaphorite  (p.  809) 

OlaucodoKp.  804) 

Arsenopyrite  (p.  803). . . 

Kentrolile  (p.  446) 

Aikinite  (p.  810) 

Slromeyerite  (p.  290). ... 

Stephanite  (p.  814) 

QuanajuHtite  (p.  284).... 

Geocronile  (p.  814) 

Wolfacbite  (p.  304) 

Emplectile  (p.  808) 

Menegbinite  (p.  313) 

Bismuthinite  (p.  284). . . 

Scbapbacbite  (p.  309) 

Alloclasite  (p.  804) 

Cosalite  (p.  309) 

Nagyagite  (p.  805) 

Raraiiielsbergitc  (p.  804). 

Safflorite(p.  804) 

Tantalite  (p.  490) 

L6ningife(p.  808) 

AcantMte  (p.  290) 

Krennerite  (p.  305) 

Dyscraaite  (p.  288) 


5  7-5-9 
5-75-6-0 

5-82 

59 

59-60 

5 -9-6 -2 

6-19 

C-1-6-8 

6-15-6  8 

6-2-6-8 

625-66 

6-3-6-45 

6-37 

6-3-6  5 

64 

6-4-6-5 

6-43 

66 

6-4-6-75 

685-72 

6  9-7-2 
6-9-7  3 

7-7-3 

7-0-7-4 

7-2-7-3 

8  35 

9  4-9-8 


2-5-8 

2-5-3 

5 

2  5-8 

5 
5-5-6 

5 
2-25 
2-5-3 
2-2  5 
25-3-5 
2-5 
4-5-5 

2 

2  5 
2 

3  5 
4-5 

2-5-8 
1-1-5 
5-5-6 
4-5-5 

6 
5-55 
2-25 

3  5-4 
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Y.    CRTSTALUZATIOy  MOXOCUNIC. 
A.  LunsB  Umbtaluc. 


NairoD  (p.  806) 

BCirmbi]iU(p.  581). 

Wliewellite  (p.  542).... 

Stercurite  (p.  510) 

Aluuiinhe  (p.  537) 

AluDogen  (p.  586) 

Borax  (p.  5:20) 

BoussiDeaultUe  (p.  58(9.. 

Apjoholte?  (p.  585) 

Kibrorerrite  ?  (p.  586).. . . 

If  •Unterite  (p.  584) 

Halotricbite?  (585; 

Pickeriugite  (p.  585). . . . 
Hydn>b€racite  <p.  521). . 
Oay-lmiito  (p.  866). . . . 

KrOliDkite  (p.  586) 

Diadocbile  (p.  51 6> 

Botryogeo  (p.  587) 

Mordeuite  (p.  458; 

Kaioite(p.  580) 

Queteoite?  (p.  588) 

Copiapite  (p.  586) 

Troiia(p.  867) 

Plcromerite  (p.  585) 

Castanite(p.  536) 

Quenstedtiic  (p  535; 

Heiiitzite  rp.  020) 

Hydroinii^nesile  (p.  367). 

Stilbite  (p.  456) 

tScolecite  ( p.  462; 

Bnishite  <p.  510; ■ 

Heulandite  (p.  454) 

DHrapHkilc  (p.  517) i 

PhilUpaite  (p.  455) , 

Mesolite  (p.  462) 

B16dite(p.  .WO) j 

Epislilbiie  (p.  454) 

Oisriioiidile  (p.  457) 

Ijaumontite  (p.  457) 

MetHbiusliiU;  (p.  510).. . . 

Well.siie  (p.  455) 

Oypsum  (p.  531 )  ....... 

<jril)l»sii«:  (p.  351) 

PetaUto  ( p.  369) 

Colenmniie  ip.  519).    .. 
H:iui<'f(.Miillitc(p.  508)... 

Brew  St**  rile  I  p.  454; j 

Hannotome(p.  456) 

Hcernr-siK;  ip.  508) 

AVapplorite?(p.  510) 

Serpentine  (p.  476) 

i'alcio  erriif  (p.  514). . . . 
Eu(ii.lymite(p.  369).... 

Orthoclase  (p.  370) 

Kicseriie  (p.  531)  


1-44 
1-48 

1-615 

1-66 

1-6-1-8 

l-6^-l-72 

1-70 

1-78 

1-84 

1-80 
1-^-20 

l-lK-2  0 
1-04 

2-035 
2-04-214 

206 
2-07-219 
2  0B-2-14 

210 

212 
21-2  2 

212 

212 

213 

216 
2-16-220 
2  16-24 

2  21 
218-2-22 

220 

2  2 

2-2-2  4 

2-25 

2-25 

2-26 
2-25-2  36 

2-29 

2-28-2-37 

2-31-2-33 

23-24 

2-39-2-46 

2  42 

2  435 

2  45 
2  44-2-5 

2-47 

2-48 
2-50-2-65 
2-52-253, 

2  55      ! 

2-57 

2  57 


1-1-6 
l-»-2 

2-6 
2 

1-2 
1-6-2 
2-2-6 

1-6 

2-2  6 

2 


2 

2-8 

2-5 

8 

2-2-5 

3-4 

2-5-8 

8 

25 

2-5-8 

8 

2-5 

4-5 

35 
3-5-4 
5-5  5 
2-2  5 
35-4 

2-3 
4-4  5 
5 

2  5 
4-45 

4-5 
35-4 
25-3 
4-4  5 
1-5-2 
2-5-3-5 
6-6-5 
4-45 

2-5 
5 

4-5 

1 

2-2-5 

2  5-4 

2  5 
6 
6 

3-3-5 


^YtoHito  (p.  606) 

SjnmiiteCp.  584) 

KMliBtto<p.481) 

Phamacolite  (p.  61(0.. . . 
OHaochlora  (p.  418). . . 

P^ctoUto  (p.  886) 

Angellte  (p.  518) 

GHanbOTito  (p.  528) 

Polyhalite  ?  <p.  585). 

lfiaoovito(p.464).... 

hmtidoUlB  (p.  4my 

Biotite  (p.  467) 

PhlogopiU  (p.  468) 

Pn^lotito  fp.  475).. . .  • 
Hyslophane  (p.  878) .... 
Gmoopbyllite  (p.  452). . . . 
Ziiuiwaldfta  (p.  467).. . .  • 

Cuspidine  (p.  442). 

liEoooaiU  (p.  514) 

WoUartcmito  (p.  804). ... 
PyrophjUito  (p.  482). .. 

Pnisopite  (p.  828) 

ConiiiidophiUte  ip,  475).. 

Isoclasite?  (p.  611) 

Carpbolite  (p.  447) 

DatoUte  (p.  435 

PacbnolUe  (p.  323) 

Tbomseuolite  (p.  323). . . 

CryoUte  (p.  821) 

Mosandrite  (p.  487) 

Er3rtbrite(p.  509) 

Svmplesite  (p.  508) 

Cabieriteip.  509) 

BerniiDite  tp.  513) 

Herderite  (p.  503» 

Margarite  (p.  470) 

Amphibole  (p.  899).   . . . 

Lazulite(p.  506) 

Wagnerite  (p.  502). . . . 
Xautbophyllite  (p.  471).. 

Seybvlile  (p.  471) 

KOtiigite  (p.  509) 

Euclaae  (p.  436) 

Olaucophane  ( p  408) . . . 

Ludlamiie  (p.  513) 

Herrengrnndite  (p.  586). 

Cliurchite?(p.  509) 

Ohondrodite(p.  443). .. 
Olinohumite  (p.  448).  • . . 

Prohctite  (p.  443) 

Spodomene  (p.  393) 

Hiireiiulite  (p.  510) 

Joiiannite  (p.  538) 

Pyroxene  (p.  387) 

Ncptimite(p.  487) 


S-60 


1-5-8 


2^ 

8-7-2  W 

2-77 

8-8-2-9 

8  7-8-1 

2-78-8  86 

2-78-2*98 

2-806 

8-84 
2-88-8-80 

888 

888 
8-8-8-9 
8-8-8-9 

8-88 

8-80 

8-82 

288 
2-9-80 
293-3 
2'9&-3 
2-95-8 
2  93-8 

2  95 

296 

2^ 

2  98 

2-99-8  01 

2-99-3  06 

2  9-3  4 

306 

807 

8-09 

8-8  1 

81 

310 
3.10-311 

812 

818 

8-14 
81-8-2 
31-82 

813-8  2 

8185 

8-199 

8*2-8*6 

823 


8-8-i 

6 
4*6-6 
8-M 
8«4 
8-2« 
8-84 
S-M 
8-M 
1-8 
8-M 
4-4i( 
8-84 
6-6 
8-81 
4-84 
1-8 
4-6 
88 
1-6 
8-68 
6-5-ft 

8 

2-8 

25 

4 

1-5-89 

2-5 

2 

5 
8-5-4'5 

5-6 

5-6 
5-5-5 

4^ 

4-5 
2-5-1 

76 
6-6*5 

8-4 

2-5 
8-85 
6-6*5 
6-6-5 

6-5-7 
5 
2-2*5 

54 

54 
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A.  LusTBR  Unhetallio. 


Johnstrupite  (p.  487). .. 

Epidote(p.  438) 

Rosen buschite  (p.  395). 

TrO^'erite(p.  515) 

Ottielile?ip.  471) 

CliDohedrile  (p.  447). . . 

Jadeite  (p.  893) 

HomiIile(p.  436) 

Dickinsonite  (p.  507). . . 
Piedmontite  (p.  440). . . 

W5lilente  (p.  395) 

SapphiriDC  (p.  451) 

Uiel)eckile(p.404) 

Fillowiie  (p.  507) 

Triplite(p.  502)  

Orpiment  (p.  282) 

Hiiikite  (p.  487) 

Arfvedsonite  (p.  405). ..{ 
bynadelphite  (p.  506) 

Titanite(p.  485) 

Acmite  (p.  391) 

Veszel^'ite  (p.  511). . . 
L&venite  (p.  395).... 
Ohloritoid?  (p.  471). 

Keillmuite  (p.  487) 

Dietzeite  (p.  517) 

Triploidite  (p.  502) 

Realgar  (p.  282) 

Barvtocnicite  (p.  864) 

Adelile.  Tilasite  (p.  502). 
Cbalcomenitc  (p.  538) . . . 


Specific 

Hard- 

Qravity. 

ness. 

3-29 

8-25-3-5 

6-7 

33 

6-6 

3-8 

3-8 

6-7 

8  33 

5-5 

8-33-3-85 

6-5-7 

3-38 

5 

3-34 

8-5-4 

3-40 

6-5 

3-41-3 -44 

5-5-6 

3  42-3-48 

7-5 

3-43 

3-43 

45 

8  44-3  8 

4-5-5 

8  4-3  5 

1-5-2 

3  46 

5 

3  44-3-45 

6 

•  •   • 


3-45-3'50 
34-3  56 
3-5-3  55 

3-53 
851-3-55 
8  52-3  57 
3-52-3  77 


3-70 

3-7 

3-6 

8-65 

3-74 

3-76 

4-5 
5-5-5 
6-6-5 
3-5-4 

6 

6-5 

65 

3-4 

4-5-5 

1-5-2 

4 

5 


Azarite(p.  365) 

Allacliie(p.  506) 

Allaiiite(p.440) % 

Claudetile  ip.  330) 

Malachite  (p.  864) 

Durangite  (p.  503) 

Partschlnite  (p.  419) 

Oadolinite  (p.  436) 

Baryliie(p.  408) 

Tagilite(p.  511) 

Dihydrite  (p.  505) 

SaikiDite  (p.  502) 

Pyrostilpnile  (p.  312).... 
Olinoclaiite  (p.  505). . . . 

Kermesite  (p.  305) 

Lautaiite  (p.  517) 

Monazite  (p.  495) 

Linarite  (p.  530) 

Lorandite  (p.  308) 

Baddeleyiie  (p.  346) 

Vauquefinite  (p.  529).... 

Orocoite  (p.  529) 

Agricolite  (p.  419) 

Tenorite  (p.  882) 

LeadhiUite  (p.  530) 

Lanarkite(p.  530) 

Atelestite  (p.  607) 

Fiedlerite  (p.  322) 

HUbnerite(p.  539) 

Raspite  (p.  541) 


A11aDite(p.440).... 
CmlneriteCp.  343).. 
Miargyrite  (p.  308). 
Plagionite(p.  308).. 
RittiDgerite  (p.  312). 
Semseylte  (p.  309). . 


3-5-4-2 

55-6 

49-51 

4-5 

51-5  8 

2-2  5 

54 

25 

5-63 

2-2  5 

5-95 

2-3 

•••... 


Sassolite  (p.  852). . . 
Lansfordile  (p.  367)... 
Hannayite  (p.  510). . . . 
Amuraiiiite  (p.  536)... 
Ohalcanthite  (p.  584). . 

R6merite(p.  536) 

MicrocUne  (p.  373). . . 

Albite  (p.  877) 

Oligocla«e(p.  378).... 

Andesine  (p.  379) 

I«abradorite  (p.  879). . 
Anorthite  (p.  380).... 

Monetile  (p.  507) 

Incsite  (p  452) 

Amblygonite  (p.  608). 


B.  Luster  Metallic  (and  Submetallic). 

Polybasite  (p.  814) 

Pearceiie  (p.  315) 

Freieslebenite  (p.  309).. 

Jordanite  (p.  313) 

Wolframite  (p.  539) 

SylTanite(p.  304) 

VI.     CRYSTALLIZATION  TRICLINIC. 

A.  Luster  Unmetallic. 

Fairfieldite  (p.  507) 

Mesi^elite  (p.  507) 

Cbalcosiderite  (p.  514).. 

Azinite(p.  441) 

Hiortduhlite  (p.  896) 

BabiDgtonite  (p.  396).... 

Celsian  (p.  381)  

Rhodonite  (p.  895) 

Triraerite  (p.  424) 

Chloritold?  (p.  471) 

RoselUe  (p.  507) 

OyaniteCp  484) 

Brandtite  rp.  507) 

^nigmatite  (p.  405). . . . 
Walpurgile?  (p.  515). . . . 


1-48 

1-54 

1-89 

2-11 
212-2-30 
*2-17 
2-54-2-57 
2  62-2-65 
2  65-2-67 
2-68-2-69 
2-70-2-72 
2-74-2-76 

2-75 

8  03 
8-01-8-09 


1 
25 

2-5 

25 
8-8-5 
6-6-5 
6-6-5 
6-6-5 
6-6-5 
6-6-6 
6-6-5 

85 
6 
6 


Specific 
Gravity. 


3-77-3-88 
8-83-3  85 
3-5-42 
8-85-4-15 
3  9-4  08 
3-94-4-07 

40 

40-4-5 

4-03 

4  08 

4-4-4 

4-18 

4  2 

419-4-86 

4-5-46 

4-59 

4-9-53 

53-5  45 

5-53 

5-5;  6025 

5-8-6-1 

59-6-1 

60? 

5-8-6-25 

6-26-6-44 

6-3-6-4 

6-4 

7-2-7-6 


60-6-2 

6-15 
6  2-6-4 

6-39 
7-2-7-5 
7-9-8-8 


8-10 

8-11 

8-27 

8  27 
8-35-8-37 

3  37 
8  4-8  68 

8-47 

8-52-3-57 

8-5-8-6 

8-56-8-67 

8-67 

8  85 

6-76 


Hard- 
ness. 


3  5-4 

4-5 
6  5-6 

2-5 
8-5-4 

5 

6-5-7 

6-5-7 

7 

8-4 
4-5-5 

4-5 

2 

25-8 

1-1-6 

6-6-5 

2-5 
2-2-5 

6-6 
2-5-3 
2-6-8 

8-4 

2-5 
2-2-5 
8-4-5 

6-6-5 


2-8 

8 

2-2  5 

8 
6-65 
1-6-2 


8-5 

8-5 

4  5 
6-5-7 
5-6-6 
5-5-6 
6-6-5 
5-5-6-5 

6-7 

6-5 

3-5 

6-7  25 

5-6-5 

85 
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IL  CBYSTALLINB  HABIT. 

L  ISOMETRIC  SYSTEM. 

In  the  following  lisU  tome  species  are  enamented  whose  crystalline  habit  Is  often  so 
usrked  as  to  be  a  distincUTe  character. 

Onbee. — Metallic  Lubtsb  :  Galena;  Pyrite. 

UsiCBTALLic  LusTBB :  Fluorits;  Capriie;  Cerarsyrlte;  Halite;  Sylvlte;  Bondta;  Fhar 
macosiderlte.    Also  Perqylite;  Cerargyrlte;  Pero?sluie. 

OiUf^lUte  farmt  occur  with  the  lollowiug :  Apophyllite  (tetragonal);  Cryolite  <moBO> 
clinic).  Also  with  the  rhombohedral  species:  Chabsizite:  4Jttuite;  Calcite;  rarely  Qnarta 
and  Hematite. 

Octahedrons.— MsTALUC  akd  Submjraluo  Lustbb  :  Magnetite;  Flmnklinite;  Chio* 
mite;  Unininite.    Also  sometimes,  G^eua;  Pyrite;  Linnieite;  Dysanalyte. 

UxnuBTALLXC  LusTBB :  Spinel  (incL  Hercyniie  and  Gahnite);  Cuprite;  Diamond;  ^yio- 
chlure  and  Microliie;  Balstonite;  Fericlase;  Alum. 

Forms  somewhat  resembling  regular  octahedrons  occur  with  some  tetragonal  qM)cic%  as 
Brauuite;  Uausmannite;  Chalcopyrite;  Zircon,  etc;  also  with  some  rhomTObedrai  speeiei^ 
as  Dolomite. 

Dodecahedrons.— Mbtallic  Lustbr  :  Magnetite;  Amalgam* 
Unmbtallic  Lustsb  :  Qamet;  Cuprite;  Sodalite. 

Trapesohedrotts. — Unmstalug  Lusteb  :  Garnet;  Leucite;  Analcite. 

Pyiitohedrona.— Mbtallio  Lubtbb  :  Pyrite;  Cobaltite.  Also  Qersdorfflte;  Hanerlle 
(submetallicj. 

Tetrahedrons.— Metallic  Lubtbb  :  TMrahedrite. 

Uhmbtallic  Lubtbb  :  Sphalerite;  Boracite;  Helvite;  Eulytite;  Dhikmond. 

The  tetragonal  sphenoids  of  Chalcqyyrite  may  resemble  tetrahedrona 

U.  TETRAGONAL  SYSTEM. 

Square  P3rramid8.— Subhbtallic  Luster  :  Brauuite;  HausmaDuite. 
Unmetallic  Luster:  Zircon;  Wulfenite;  Vesuviauite;  Octahedrite;  Xenotime. 

Square  Prisms. — Unmetallic  Luster  :  Zircon;  Vesuvlauite;  Scapoliies;  Apophyllite; 
Pbosgenite. 

Square  tabular  crystals  occur  with  Apophyllite;  Wulfenite;  Torbernite. 

Prisms  nearly  square  are  noted  with  a  number  of  ortborbombic  species,  e.g.,  Topai; 
Andalusiie;  Danburite. 

ni.  HEXAGONAL  SERIES. 

Hexagonal  Prisms.— Unmetallic  Luster  :  Beryl;  Apatite;  Pyromorphite;  Vanadinifc: 
Mimrtite  (usually  indistinct  rounded  forma.  Also  Nepbelite;Milailte:  Tysonite.  and  others. 

Hoxaffonal  prisms  are  also  common  with  the  rhombohedral  gpecies  :  Quartz;  C?alcite;  Tour- 
maline: Willemite;  Phenaoite;  Dioptase,  etc.  Again,  with  the  Micas,  etc.  Numerous  rare 
species  could  be  included  here. 

Many  orthorhombie  (or  monoelinie)  species  bavin p  a  prismatic  anjrle  of  about  W**  (nm\ 
130')  simulate  this  form  both  in  simple  crystals  and  still  more  as  the  result  of  twinnine 
Thus,  Arajfonite:  Strontianite;  Leadhillite:  lolite.    It  is  also  to  be  noted  that  the  uometrie 
dodecahedron,  e.ff..  of  Garnet,  has  often  the  form  of  a  hexagonal  pyramid  with  trihedral 
terminations  (cf.  Pi^.  442.  p.  184).  

Tabnlnr  hexacronfll  prisma  are  noted  with  various  species.  Thus,  METALLIC  Luster  : 
Hematite:  Ilmenite:  Pyrrbotite.     Unmetallic  Luster  :  Tridymlte. 

Hexasronal  Pyramids. — Apatite:  Conmdum  (rhombohedral);  Quarts  (rhombohedral- 
trappzohedral):  Hnnksite. 

This  form  is  often  simulated  by  various  orthorhombie  species,  in  part  as  the  result  of 
twinnine.  For  example,  metalltc  luster  :  Chalcocite;  8tephanite;Polyba8ite;  Jordanitc, 
etc      Also  Brookite  (Pip.  301.  p.  94) 

Unmetallic  Luster  :  Witherite;  Bromlite;  Cerussite;  lolite. 

Trigonal  Prism. — Tourmaline. 
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RhombohedrOBs.— AogleTS**  (aud  105") :  Calcite;  Dolomite;  Siderite;  Rbodochrosite. 
Angle  Dot  far  from  90°:  Cbabazite;  Alunite. 

ScalenohedroBs.— Calcite  and  allied  Carbonates;  Proustite. 

IV.  ORTHOUHOMBIC.  MONOCLINIC  AND  TRICLINIC  SYSTEMS. 

Prismatio  Orystals.— Metallic  Luster  :  Stibnite;  Arsenopyrite;  Bournouite;  Manga- 
nite;  GOihite,  etc. 

Unmktallic  Luster  :  (arthorhombie)  Topaz;  SluuroViie;  Andalusite;  Barite;  Cclestite; 
Dauburite.     AUo  {mouoclinie)  Pjroxeue;  Ampbibole;  Ortboclase.  and  many  otbers. 

Epidoie  crystals  are  often  prismatic  in  aspect  (Fig.  850,  p.  488). 

Tabular  Orystals. — Barite;  Cerussite;  Calamine;  Diuspore;  Wollastonite.  * 

Acicular  Orystals.— Metallic  Luster  :  Stibnite;  Bismuthinite;  Millerite;  Jamesonite; 
Aikiuiie,  aiui  oiber  species. 

Uk metallic  Luster:  Pectolite;  Natrolite;  Scolecite;  Tbomsonite,  and  otber  Zeolites. 
Also  Arugouiie;  Stroutiauite;  less  often  Calcite.     Also  many  otber  species. 


Twin  Orystals. — Tbe  babit  of  the  twins  occurring  with  many  species  is  very  character- 
istic. Reference  is  made  to  pp.  118  to  180  and  tbe  accompanying  figures  for  a  presentation 
of  this  subject. 

in.    STRUCTURE   OF   MASSIVE   MINERALS. 

Fibrous. — Fibers  separable :  Asbestus  (nmpliibole);  also  tbe  similar  asbest if orm  variety 
of  serpentine  (cbrysotile);  Crocidolite  (color  blue). 

Fibers  not  separable^  chiefly  straight  :  Calcite;  Gypsum.  Also  Amgonite;  Barite;  Ccles- 
tite; Aubydrite;  Brucile;  Eustatite;  W  ollostonite;  Dufreuite;  Vivianile.  See  also  Colvmnar 
below. 

Fibrous-Radiated. —Wavel lite;  Tbomsonite;  Natrolite;  Stilbite,  and  other  Zeolites; 
OOtbite;  Malachite. 

Oolumnar. — Metallic  Luster   :  Stibnite;  Hematite;  Jamesonite;  Zinkenite,  etc. 

Unmetallic  Luster  :  Limouite;  GOtbite;  Araeonite;  Ampbibole  (tremolite,  actinolite, 
€tc.);  Epidote;  Zoisite;  Tourmaline;  Sillimanile;  Natrolite  and  other  Zeolites;  Strontianite; 
Wilberite;  Topaz. 

Cvanite  has  often  a  bladed  structure. 

Fibrous  and  columnar  varieties  pass  into  one  another. 

Zjamellar-Stellate.— Gypsum;  Pyropbyllite. 

Foliated.— Metallic  Luster  :    Graphite;    Molybdenite;   Tetradymite;  Stembergite; 

Kagyagite. 

Unmetallic  Luster  :  Talc:  Orpiment:  Gypsum;   Pyropbyllite;  Serpentine:  Gypsum. 

Micaceous.— The  Micas,  p.  468:  also  the  Brittle  Micas,  p.  470,  and  the  Chlorites,  p.  472. 
Also  Brucite;  Orpiment:  Talc;  Torbemite;  Aulunite. 

Oranular.— Metallic  Luster  :  Galena;  Hematite.  Many  sulphides,  sulpharsenites, 
€tc..  have  varieties  which  are  fine-granular  to  compact  and  impalpnble. 

Unmetallic  Luster  :  Pyroxene  (coccolite);  Garnet;  Calcite;  Barite,  etc. 

Botryoidal,  MammiUary,  Reniform,   etc.— Metallic    Luster:  Hematite;    Arsenic; 

AUemontite.  ,       ^».  ,     •,  tt 

Unmetallic  Luster  :  Malachite;  Prehnite;  Calamine;  Smithsonite;  Chalcedony;  Hya- 

lite;  Sphalerite,  etc. 

Stalactitic— Metallic  Luster  :  Limonite:  Psilomelane;  Marcaslte. 
Unmetallic  Luster  :  Calcite;  Aragonite;  Gibbsite;  Chalcedony. 

IV.  PHYSICAL  CHARACTERS- 

I.  CLEAVAGE. 

Ottbic— Metallic  Luster  :  Galena. 

Unmetallic  Luster  :  Halite:  Sylvite.  The  cleavage  of  Anhydrite  (also  of  Cryolite) 
simulates  this.    Cf .  also  Corundum,  p.  888. 
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OcUbvdrol.— Pluorile*  Diamond.    Msgnetlte  (also  FmnUtnlte)  bu' 
edrni  p&rting. 
Do  decahedr>L  — S  pli  aleri  le. 

Rhombahedral,— Caldte  aod  otiicr  species  of  Ibe  tame  group,  pp,  S54-360. 
Square  PriamaUo  (90').— Scnpolltei  Ratile;  Xt;  no  time. 
Ptiimatic— Borite;  CelefUte;  Atnphibcle  IH"  and  120°).  elc. 
B««al.— Metallic  Lubter  :  Grspliile;  Molylideulle. 
Unhetallic  LceTEK  :  Apoplivlliie:  Tupm:  TkIc;  the  Hicas  and  Ctalorites;  Cbaloophj 


Ftnacoidal. — Metallic  Lre' 
Unmetallic  Lubteu  ;  Gj-psi 


iiarted  bawl  iiarlilig. 

;r  ;  Stibnile. 

u;  OrpimeDli  Eudasei  Dlaspore,  e 

U.  HARDNESS. 


«^ 


1.  Soft  Minerals. —Tbe  following  miuerala  are  conapicuoualy  &rt.  that  is,  H  =  3 
or  lea«;  ihej  heoce  ha»e  a  greiim  feel,     (See  further  the  Tables,  pp.  557  to  663.) 

Metallic  Lcbter  :  Qr&plilte;  Molybdeoite;  Tcliadymile  ;  Slernbergite  ;  Argeatilc; 
NagvagiU'i  stmie  of  liiu  Native  Metals  iLead.  etc.). 

OstiKTALLic  LuBTBii :  TbIc;  Pyropiiyllil*:  Brudte;  Tyrolile;  Orpiment;  Cerargyrile; 
CionabHr:  Sulpliur;  Gyp)ii)in. 

Also  Calomel.  Anenolile,  and  many  bydrous  aiilpbates.  phosphnles.  etc. 

3.  Bard  Minerala.— Minerals  whose  liardu ess  is  equal  to  OTgraiter  than  T  (Quartz  =  7). 
The  following  mluerals  are  here  included: 

LdSTEII   USMETAILIC, 


QcARTi  (p.  324) 7 

Tridymite  (p.  S2S) T 

Baryllle  (p.  408) 7 

Dumortiuritc  (p.  449) 7 

Daiiburile  (p.  430) 7-725 

BoRiCiTE  (p.  518) 7 

Zuuyilv  (p,  415) 7 

CTAKiTK(p.  484) 5-7-35 

TonwiALiNK  (p.  447) 7-7-5 

OASifBT(p.  415) 6-5-7-5 

loLiTK  tp.  407) 7-7  5 

8TAUKOL1TE  (p.  4e0) 7-7-5 

BclioTlomitetp.  419) 7-7'G 

Sappbirlne  (p.  4S1) 75 

EuckM  (p.  436) 7-5 

The  toltovrlng  minerals  liave  hardness  equal  to  6  tn  7,  or  0-5—7. 

Ldstkr  Metallic  :  Irldosmlue  Ip.  280)i  Iridium  (p.  280):  Sperrylite  (p.  303). 

UmiETALLic:    Ardennite    (p.    445);   AkinlU   (p.  441);   Betnindfte   (p.   44n; 

iir- ■    ■""■  "■  -    "'"■  '-'-■"-  '-   — ■"-" — " 

(p.  438);  Spodumene  (p.  £ 


Ilambergile (p.  518) 75 

ZiucoH  (p.  43«) 7-S 

Akdalcbite  (p.  493) 7-5 

Bervl  (p.  406)   7.5-8 

LswHoniie  (p.  447) 7-5-8 

PhenacUe(p.  423) 76-8 

OaUnite{p.  83») 7-5-S 

Hertynite(p.  389) 75-8 

Sfinel  (p.  338) 8 

ToPAK  (p.  481)  $ 

Hliodiiiie  (p.  518) 8 

CHKYtMBEKVL  (p.  343) 8-$ 

ConrNDLM  (p.  833) 9 

DlAHOND  (p.  371) 10 


III.  SPECIFIC  QHAVITT. 

Attention  Is  called  to  the  remarks  in  Art.  SW  (p.  158).  on  Ibe  relaifna  of  tpedflc  i^Tlty  to 
chemical  coinposltion.  Also  to  the  statements  in  Art.  Ml  as  to  the  aMraga  ipeclflc  gTaTlljf 
among  minerals  of  metallic  iind  nnmetallic  luster  respectively.  Tlie  apeclci  In  each  of  tM 
separate  lists  of  Table  I.  of  mlnernls  clnKsIfied  with  reference  to  crydftlliution  Kreamnnd 
according  to  ascending  tpe'iHc  granlia.  Hence  the  llsti  give  at  a  glaoce  mliMnb  ait- 
tinguiahed  by  both  low  and  high  density. 
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IV.  LUSTER.     (See  Art.  888,  p.  188.) 

Metallic. — Kative  metals;  most  Sulphides;  some  Oxides,  those  containing  iron,  man- 
ganese, lead,  etc. 

Submetallic. — Here  belong  chiefly  certain  iron  compounds,  as  Ilmeuite;  Ilvaile; 
Columbite;  Tautalite  (and  allied  species);  Wolframite,  etc     Also  Uraoinite,  etc. 

Adamantine. — (a)  Some  hard  minerals:  Diamond;  Corundum;  Cassiterite;  Zircon; 
Rutile.  (6)  Many  compounds  of  lead,  also  of  silver,  copper,  mercury.  Thus,  Cerussite. 
Anglesite,  Pboseenite,  etc.;  Cerareyrite;  Cuprite;  some  Cinnabar,  etc.  (c)  Also  certain 
varieties  of  Sphalerite,  Titan  ite  and  Octahed rite. 

Metallic- Adamantine  — Pyrargyrite;  some  varieties  of  the  following:  Cuprite,  Cerussite^ 
Octubedrite,  Rutile. 

ReainooB  or  Waxy.— Sphalerite;  Elseolite;  many  Phosphates. 

Vitreous.— Quartz  and  many  Silicates,  as  Garnet,  Beryl. 

Pearly. — The  foliated  species:  Talc,  Brucite,  Pyrophyllite.  Also  (on  cleavage  surfaces) 
conspicuously  the  following:  Apophyllite,  Stilbite,  Heulandite.  Also,  less  prominent:  Barite; 
Celestite;  some  Feldspar,  and  others. 

Silky. — Some  fibrous  minerals,  as  Gypsum,  Calcite;  also  Asbestus. 

V.  COLOR. 

The  following  lists  may  be  of  some  use  in  the  way  of  suggestion.  It  is  to  be  noted, 
however,  that  especially  in  the  case  of  metallic  minerals  a  slight  surface  change  may  alter 
the  effect  of  color.  Further,  among  minerals  of  unmetallic  luster  particularly,  no  sharp 
line  can  be  drawn  between  colors  slightly  different,  and  many  variations  of  shade  occur 
in  the  case  of  a  single  species.  For  these  reasons  no  lists,  unless  inconveniently  extended,, 
could  make  any  claim  to  completeness. 

(a)  Metallic  Lubtbr. 

Silver-white,  Tin-white. — Native  silver;  Native  Antimony,  Arsenic  and  Tellurium; 
Amalgam;  Arsenopyrite  and  LOlIingite:  several  sulphides,  arsenides,  etc.,  of  cobalt  or 
nickel,  as  Cobaltite  (reddish);  some  Tellurides.  No  sharp  line  can  be  drawn  between 
these  and  the  following  group. 

Steel-gray. — Platinum;  Manganite;  Chalcocite;  Sylvanite;  Bournonlte. 

Blue-gray. — Molybdenite. 

Lead-gray. — Many  sulphides,  as  Galena  (bluish);  Stibnite;  many  Sulpharsenites,  etc.» 
as  Jamesouite,  Dufrenoysite,  etc. 

Iron-black. — Graphite:  Tetrahedrite;  Polybasite;  Stephanite;  Euargite;  Pyrolusite; 
Magnetite;  Hematite;  Franklinite. 

Black  (with  submetallic  luster). — Ilmenite;  Limonite;  Columbite;  Tantaliie,  etc.; 
Wolframite;  Ilvalte;  Uraninite,  etc.  The  following  are  usually  brownish  black:  Braunite: 
Hausmannite. 

Oopper-red. — Native  copper. 

Bronze-red. — Bornite  (quickly  tarnished) ;  Niccolite. 

Bronze-yellow. — Pyrrhotite  ;  Pentlandite  ;  Breithauptite. 

Brass-yellow. — Chalcopyrite  ;  Millerite  (bronze.)    Pale  brass-yellow:   Pyrite;    Mar- 
casite  (whiter  than  Pyrite). 
Oold-yellow. — Native  gold. 


Streak. — The  following  minerals  of  metallic  luster  are  notable  for  the  color  of  their 
Btreak : 

Cochineal-red :  Pyrargyrite. 
Cherryrfd :  Miarpyrite. 
Dull  Bed  :  Hematite  (also  Cuprite). 
Scarlet:  Cinnabar  (usually  unmetallic). 


(^)  UmsTAUito  Ln 


CiilMtlie  ;  Diiapore  ;  KephellM  ;  UdontU  ;  CUunine ;  Omllu  ;  I^MiimcIte,  ^c 
Mahuyx  :  QuuU ;  CUclte  ;  Q^pnun ;  Hy»Utc  (bolrjtMal). 
Whlta.— QRTvrAU :  Ampblbole  (tr«mi>1tt«) ;  PjraxeiM  (dkqidde,  unullj  gnmafMt. 


Blna, — BtiACKiSH  Bliik:  Axuille ;  CrootdolUe. 

iBDiao-BLOK  :  IndicoJfta  rTounnallDe) :  ViviuUe, 

Amm-BLUX :  LuuHte  :  Azuiita ;  lApb  Liimll ;  Tntqud*. 

PmDesUR-BLins  :  8^>pbin ;  Oyulte  ;  Itdits ;  AxiuUe  ;  ObalcuUilt«  utd  manj  up- 
per componod*,  . 

SxT-BLin,  HOUHTUX'BLTIB  :  Beijl  1  CelHtlt«. 

ViOLXT-HLUK :  Amethyst ;  Flu(»lU. 

Orkbhish  Blitb  :  Amuoo-itoiie  ;  ChrysocolU ;  GBUmloo ;  Bmllhaonite  ;  aome  T«r- 
qnoto ;  BeryL 


oUi«r  copper  compoandi ;  BpodntiMae  (blddenlte) ;  ^roxene  (nre) ;  Oahalto  ;  J«d«lU 
•nd  Jiide. 

Bldisb  Orbkh  :  Beryl ;  Apktile  ;  Ftuorlte  :  Amuon-itOM ;  PrdmfU  ;  CUamte ; 
Bmltbionlte ;  ChryeocollK  ;  Oblorite  ;  eome  TurquoU. 

HouiTTAnf  ORBBH :  Berrl  (aquamuine) ;  Suelaw. 

Applk-orbes  :  Talc  1  Oarnet  ;  CttTyeoprMe  i  Wfllemlie;  Oftniterlte;  PTn^ylUW; 
some  MiiECovite  ;  J&delti;  and  Jade  ;  Pyropbyllite. 

PiBTACino-ouKKN  ;  Epiilote. 

OrasS'OUEEK  :  Pynimorphhe  ;   Wnvellite  ;  VariBCile ;  Chrysobetr). 

Ghayisei  Gueen  :  Ampblbole  and  Pyroxeoe.  many  conimoD  kinds  ;  JKBper;  Jade. 

Yeli^w-uheen  Io  Omve-ORebn  :  Beryl:  A  pa  lite  ;  CbijBoberyl ;  Cbryeolite  (oil  re- 
green)  ;  Cblorile  ;   Scrpenline  ;  Tiliinile  ;  Datollle  :  OliTeolle  ;  Tesuvlunite. 

Yellow, — SuLPiinR-TBLLOW  :  Btilpliur  ;  some  Vesuvlanlte. 

Oranoe-yeli^w  :  Or^ment;  Wiilfeniie  :  MlmetUe. 

Straw  ibi.low,  also  Winb-yrlt,ow.  Was-trllow  ;  Topaz  ;  Sulpliur  ;  Fluorite';  Can- 
crloite;  Wiilfeolle  :  Vanadinlle  i  Willemlte  ;  Calclte  ;  Barile;  Cbrysollte  ;  Cboudroditei 
Tilftiiile;  Daioliie.  eic 

Brownihr  Ykllow  :   Much  Spbalerite  :  SMerlte  ;  GOtblte. 

OcHEK  TEi-iflw  :  GOthlle  ;  Yellow  ocber  (Hmonlte). 

Red  —  RiTBT-RED  :  Ruby  (corundum) :  Ruby  sploei ;  mucb  Osroet ;  ProiuUte;  Vaiia- 
diaile  :  Spbalerile  ;  Cliondrodite. 

C(iCBiNBAL-RBD :  Cuprltc  J  CiiiDBbar. 

HVACitJTB-RBD.— Zircon. 

Oranoi^red:  ZiDcite. 

OUANGE-itBD  to  AI7RORA-RED :  Realgar  ;  Wulfenlte. 

Crimson  rbd:  Tourmaline  (nibelllte) ;  Sploel.  Fluorite. 

SCARLBT-UED  :  Cinnabar. 

Brick-red  :  Some  Hematite  (red  ocber). 

Rose  RED  to  Picik  :  Rose  quartz  ;  Rbodnnite  ;  Rhodocbroaite  :  Erythrlu ;  Bome  Sc^io- 
llte.  Apopliyllite  and  Zolsile  ;  Eudialyte  :  Peialiie  ;  Margarlte. 

Peach-blohsom  Red  to  Lilac  :  Lepldolite  :  Rubellite. 

Pcbnh-red:  Some  Orthoclase;  Wlllemite  (tbc  vadei;  trooatlte);  some  Chabulte ;  Stil- 
bite  and  Heiilandite ;  Apatite  ;  rarely  Calclte  :  Poljhalite. 

Brownibh  Red  :  Jasper  ;  LinioDite  ;  Garnet ;  Sphalerite ;  Biderite  ;  Rutlle. 
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Brown.— Reddish  Brown  :  Some  Garnet  ;  some  Sphalerite  ;  Staurolite  ;  Cassiterite  ; 
Rutile. 

Clove  brown  :  Axinite  ;  Zircon  ;  Pyromorphite. 

Yellowish  Brown  :  Siderite  and  related  carbonates  ;  Sphalerite  ;  Jasper ;  Limonite ; 
OOthite  ;  Tom  inaline  ;  Vesuvianite  ;  Cbondrodite  ;  Staurolite. 

Blackish  Brown  :  Titanite  ;  some  Siderite  ;  Sphalerite. 

Smoky  Brown  :  Quartz. 

Black :  Tourmuliue  ;  black  Garnet  (melanite) ;  some  Mica  ^especially  biotite) ;  also 
some  Amptiibole,  Pyroxene  and  Epidote  (these  are  mostly  greenish  or  brownish  black) ; 
furtlier.  some  Spliiilerite  and  some  kinds  of  Quartz  (varying  from  smoky  brown  to  black) ; 
also  Allniiite  ;  Samarskite.  Some  black  minerals  with  submetallic  luster  are  mentioned 
on  p.  433. 

Streak.  — Tlie  streak  is  to  be  noted  in  the  case  of  some  minerals  with  unmetallic  luster.  Bv 
far  the  ninjot  ity  have,  even  when  deeply  colored  in  the  mass  (e.g.  Tourmaline),  a  streak 
differing  but  little  from  white.     The  following  may  be  mentioned : 

Orange- yellow  :  Zincite,  Grocoite. 

Oochineal-red  :  Pyrargyrite  and  Proustite. 

Scarlet  red  :  Cinnabar. 

Brownish  red  :  Cuprite  ;  Hematite. 

Brown  :  Limouite. 

The  streak  of  the  various  copper,  green  and  blue  minerals,  as  Malachite,  Azurite,  et€.» 
Ifl  about  the  same  as  the  color  of  the  mineral  itself,  though  often  a  little  paler. 
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AbbroTiatioDB,  4 
Absorption  of  light,  171 

biaxial  crystals,  218 
uniaxial  crystals,  201 
Acicular  crystals,  142 
Acid  salts,  247 
Acids,  246 

Actino- electricity,  285 
Adamantine  luster,  188 
Aggregate  polarization,  228 
Aggregates,  crystalline,  142 

optical  properties,  228 
Airy's  spirals,  203 
Albite  law  (twinning),  181,  875 
Alkalies,  test  for.  2j£ 
Alkaline  taste,  238 
Alliaceous  odor,  238 

Aluminium  (aluminum),  test  for,  258,  264 
Amalgam,  186,  187 
Amorphous  structure,  6, 148 
Amplitude  of  vibration,  162 
Amygdaloidal  structure,  148 
Analyzer,  177 
Analysis,  blowpipe,  256 

chemical,  252 

microchemical,  252 
Angle,  critical.  169 

of  extinction,  211 

polarization,  175 
Angles,  measurement  of,  112 

of  dihexagoiial  prisms,  88 
ditetragonal  prisms,  64 
isometric  forms,  42,  46,  49 
An  isometric  crystals,  192 
Anisotropic  crystals,  192 
Anomalies,  optical,  228 
Antimony,  tests  for,  259.  260,  261,  264 
Apatite  type,  71 

Arborescent  structure,  see  Dendritic,  148 
Argillaceous  odor.  288 
Arsenic,  tests  for.  259.  260,  261,  264 
ArtiDcial  minerals.  1,  252 
Asterism,  190,  470 
Astringent  taste,  288 
Asymmetric  group,  109 
Atom.  239 
Atomic  weight,  240 
Axes,  crystallograpbic,  18,  22 


Axes,  ether,  208 

of  elasticity.  208  • 

optic,  207,  215 

dispersion  of,  210,  220 
Axial  angle,  optic,  209,  215 

measurement  of,  216 
figure,  199,  214 
planes  of  symmetry.  14 
ratio,  22 

B 

Barium,  test  for,  259,  264 
Basal  plane,  58,  67,  90,  100,  107 
projections,  26 

drawing  of,  558 
Base,  58,  67,  90.  100. 107 
Bases,  chemical,  246 
Basic  salU.  247 
Baveno  twins,  129,  871 
Belonite,  140 
Bertrand  ocular,  211 
Beryl  type,  66 
Berylloid,  69 
Bevel,  Bevel ment.  87 
Biaxial  crystals,  192.  208 

examination  of,  210 
Binary  symmetry,  9 
Birefringence,  172,  197,  198,  512 

determination  of,  21!^ 
Bisectrices,  208 

dispersion  of,  210,  222 
Bisectrix,  acute.  208 

negative,  217 

obtuse,  208 

positive,  217 
Bismuth,  test  for.  261,  264 
Bitter  taste,  288 
Bituminous  odor,  238 
Bivalent  element.  244 
Bladed  structure,  142 
Blebby  bead.  258 
Blowpipe.  256 
Borax,  use  of,  268 
Boron,  test  for,  259,  264 
Botryoidal  structure,  148 
Brachy-axis.  89.  106 
Brachydorae,  91,  107 
Brachypinacoid,90,  107 
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1  .*»-r 

c:-:c-  147 

c-rtAieira:.  147 

r^ncA'-ic.  147 

» ■    ••■  "■»"  "■  *^ «« * 

C  ■:  "7 •:*"..  :•» 


147 


1"  r*ei  f 


2.1 


Cob*;:.  :.?*:  for.  2^3.  2« 

Co:or.  !W.  \^   :-!7 

comp>m*:riUrT.  IW,  178 
Co/jmn^r  sinjct«jre,  142 

Coinp>meritir>-  r:^,>,r%.  IW.  ITS 
CompotitioD-pIane.  119 
Coooeatric  btructure,  142 


f 


r»icfr:::c  im<Tir«-  10 
I^-:^^.  :5# 

Dj.=:4ia«  an   i?7 

I>->.=:«n.  pr>cL,  >4.  SO.  lOO.  106 

I>:%ih*nr:A£cT  233 
KUsLFc  *i:d."24^ 
lHofar>-'c  CTTS'i  <w  ^>* 

r>:  hroscor*.  2»<J 
Dffr>«: ::-:-?:.  IT: 
Dihex^jos^'  prism.  67 

pvruci.i,  69 
D:m-«rp"fcism.  i~il 
D:morr>hG«s  comi^MiLd,  251 
Diploid.  44 
DispersxoQ.  170 

of  bisectncn.  210, 
crowed   223 
horzonuJ.  223 
IDC  ined.  222 
of  optic  ues,  210. 
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Distorted  crystals,  11.  t38 
DitetragoDaf  prism,  55 

pyramid,  57 
Ditrigoual  prism,  88^ 
Divergeot  structure/ 142 
Dodecahedron,  84 

deltoid,  48 

dyakis,  44 

peutagoual,  48 

tetrahedral,  51 

rhombic,  84 
Domes,  26,  91,  100,  101,  107 
Double  refraction,  172 
Drawing  of  crystals,  547 
Drusy,  143 
Dyakis-dodecahedron,  44 


£ 


Earthy  fracture,  152 

Effervescence.  254 

Elasticity,  154 

axes  of  light-,  208 

Elastic  minerals,  154 

Electricity,  234 

Electro-negative  elements,  242 
positive  elements,  242 

Elements,  angular,  96,  104,  110 
axial,  96.  104,  110 
chemical,  289,  240 
equivalence  of,  105 

Elliptically  polarized  light,  178 

Elongation,  negative  or  positive,  218 

Enantiomorphous  forms,  50,  82 

Epoptic  figures.  219 

Etching,  149 

figures,  149 

Ether,  lummiferous,  160 

axes.  208.  208,  219,  220 

Even  fracture.  152 

Exfoliation.  258 

Expansion  by  heat,  282 

Extinction,  177,  210 

oblique,  211 
parallel,  211 

Extinction-angle,  211 

Extraordinary  ray,  194,  205 

F 

Federow  mica-wedge,  218 

Feel.  238 

Fetid  odor,  238 

Fibrous  structure,  142 

Filiform,  143 

First  order  prisms.  58,  67 

pyramids,  54,  68 
Flame  coloration,  259 

oxidizing,  257 

reducing,  257 
Flexible,  154 
Fluorescence,  190 
Fluorides,  fluorine,  test  for,  260,  265 


Fluxes,  262 

Foliated  structure,  142 

Forceps.  257,  258 

Form,  25 

Formula,  chemical,  240,  248 

calculation  of,  24^ 
Formulas  for  spherical  triangles,  82 
Fracture,  151 
Fundamental  form,  25 
Fusibility,  282,  258 

»    scale  of,  258 

G 

Galena  type.  88 

Gladstone  law,  169 

Glass,  optical  characters  of,  192,  22B 

Glass  tubes,  257;  use  of,  259 

Gliding  planes,  147 

Glimmering  luster,  189 

Glistening  luster.  189 

Globular  structure,  148 

Globalites.  140 

Glowing,  258,  259 

Goniometer,  contact  or  hand,  112 
horizontal,  115 
reflecting,  112.  115 
theodolite,  117 

Granular  structure,  142 

Greasy  luster,  189 

Grouping,  molecular.  21 

parallel,  181,  182 

Gyroidal  forms.  50 

H 

Habit,  crystal,  8 
Hackly  fracture,  152 
Hand  goniometer,  112 
Hard  minerals,  158 
Hardness,  152 
Heat,  281 

effect  on  optical  properties,  224 
Heavy  solutions,  158 
Hemihedral  forms,  17 
Hemimorphic  forms,  18 

groups,  59,  71.  95,  108 
Hexagonal  prisms,  67 

pyramids.  68 

symmetry.  10 

system,  65.  15 

trapezohedron,  74 
Hexakisoctahedron,  39 
Hexakistetrahedron,  49 
Hexoctahedron,  89 
Holohedral  forms,  17 
Horizontal  dispersion,  228 

prisms.  92 

projections,  26 
Horse-radish  odor,  288 
Houppes,  219 
Hour-glass  structure,  890 
Hydroxides,  246 


«M 


epvnuL  nmiz. 


looMihedroii,  44,  47 
loositemhedron,  89 
IdiopbAoous  erystals,  819 
IinpaliMU>le  8inictiire»  1^ 
Ind^itriz,  190, 3S04 
ludioet,  cryBtanogtmpbic,  M 

refntctiya,  IW 
XDCideoce,  angle  of,  164 
locliDed  dispenioD.  998  ^ 

hemfbedrons,  47 
Incladoiis,  189 
Inelastic  rainerala^  154 
Insoluble  minerah,  256 
Interference  of  Ugbt,  178, 177 
colors,  178.  177 

nniazfal  crystals,  196 
biaxial.  214 
figures,  unkzial,  199 
Intumescence,  258 
lodvrite  type.  71 
IrloescNice.  189 
lion,  test  for,  268,  265 
Iron  crcm,  124 
Isodiametite  dyslals,  192 
Isodimorpbism,  951  .      -^ 

Isometric  ciystalsi  optical  properties  198 

system,  88»  14 
Isomorpbous  group,  250 

.    mixtures,  261 
Isomorpbina,  260 


Jolly  balance,  157 


EleiD  solutioD.  158 


L 


Lamellar  polarization,  229 

structure,  142 
Lamp  for  blowpipe,  256 
Law  of  f  rat  tonal  indices,  25 
Lead,  lest  for,  261,  262,  265 
Left-handed  crystal.  83,  325 
polarization,  179 

Light,  nature  of,  160 

Light-ray,  163 

Light-waves,  162 

Light  velocity,  relation  to  refractive  index, 

168 
Lithium,  test  for,  259,  266 
Luster,  188 

M 

Mncro-axis,  89,  106 
Macrodome.  91,  107 
Macropinncoid,  90,  107 
MacropHsm.  91.  107 
Macropyramid,  92,  107 
Hagnesium,  test  for.  258,  266 


Ifogoetic  minenito,  987 
Magnetism,  997 
Magnets,  natuml,  987 
IblSeable  minerals.  154 
Msmmilbkry  structure,  148 
Manganese,  test  for,  268,  966 
Maritfites,  140 
Manebadi  twhi,  129,  871 
Mean-line,  208 

1^,206 

second,  208 
Menmry,  test  fqr.  260,  206 

salpbide,  test  for,  260 
Melagenic  twins,  121  ^ 

MetiSie^idamantine  luster,  189 
MetalUc  luster,  189 
Metallic  pearly  luster,  189 
Metals,  241 

Mica  sections  superposed,  227 
Mica-wedge,  218 
Mkaeeous  structure,  142 
Microoosmic  salt,  «.  Salt  of  phospboroa,  261 
MIcrolites.  140 
Microsderometer,  158 
Miller's  symbols,  24 

^tem.  124,  88 
Mimetic  ciystals,  12 
Mbieral,  artificial,  1,  252 
definition  of,  1 
Mineral  kingdom,  1 
Mbieralogy,  science  of,  1, 2 
Models  ofcryimils.  17 
Molecidar  networks,  18 

structure,  5,  148 

weight,  244 
Molecule,  240.  5  ^^^    ^^^  ^^ 

Molybdenum,  tests  for,  260,  261,  263,  266 

Monad,  244 
Monobasic  acid,  246 
MoDoclinic  crystals.  98 

optical  characters,  220 
examination  of,  220 
system,  98;  16 
Mossy  structure,  143 

N 

Natural  magnets,  237 
Naumann's  symbols.  24 
Negative  crystal,  209 

biaxial,  149 

uniaxial,  194,  197,  201 

element,  242 

elongation,  218 
Nepbelite  type,  73 
Neutral  salt,  247 
Networkv  molecular,  18 
Newton's  rings,  174 
Nickel,  test  for,  263,  266 
Nicol  prism,  176 
Niobium,  test  for,  266 
Nitrates,  test  for,  266 
Nodular  structure,  148 
Nonmc^tals,  241 
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Normal  augles,  28 

groups.  14,  88,  58,  66,  89,  99,  107 

salt,  247 
Nugget,  gold,  277 


OctabedroD,  84 

square,  55,  56 
Octant,  28 

Ocular,  Bertraud,  211 
Odor,  238 
Opalescence,  189 
Opaque,  186 
Open  tube,  260 
form,  25 
Optic  axes.  204,  207 

axis,  104 
Optical  anomalies,  228 

cbaracters  of  cnrstalUne  aggregates, 

228 
twin  crystals,  226 
effect  of  beat  upon,  224 

pressure  on,  228 
relation  to  chemical  com- 
position, 225 
Order,  prisms  and  pyramids  of  first  and  sec- 
ond,    53, 
54,66 ,  67 
third,  71 
rbombobedrons  of  second  and  third, 
80,81 
Ordinary  ray,  194,  205 
Ortbo-axis,  98 
Ortbodome.  100 
Ortbopinacoid,  100 
Ortboprisni,  100 
Orthopyramid,  101 
Ortborbombic  crystals',  89 

optical  examination, 
229 
system,  89;  16 
Oscillatory  combination,  186 
Oxides.  245 
Oxidizing  flame.  257 
Oxygen  ratio,  249 


Pnragenic  twins,  121 
Parallel  extinction,  211 

grouping,  131,  182 

hemihedrons,  48 
Paramagnetic  minerals,  287 
Paramagnetism,  237 
Parameter,  23 
Panimorpb,  253 
Paramorphism,  258 
Parting.  148 
Pearly  luster,  189 
Penetration-twin,  120 
Pentagonal  dodecahedron,  48 

tetrabedral,  62 
icositetrabedron,  60 


PentftTalent  element,  244 

Percussion  figure,  149 

Pericline  law  (twinning),  181,  875 

Periodic  law,  242 

Pbanero-crystalline,  142 

Phenacite  type,  80 

Phosphates,  test  for,  255,  259 

Phosphorescence,  190,  259 

Phosphoric  acid,  test  for,  255,  259,  266 

Photo-electricity,  235 

Physical  cbaracters,  145 

Piezoelectricity,  285 

Pinacoids,  20 

Plagibedral  group,  50 

Plane-polarized  li^ht,  174 

Plane  of  polarization,  174 

Platinum  wire,  257,  262 

Play  of  colors,  189 

Pleochroic  balos.  219 

Pleocbroism,  187 

Pleomorphism,  251 

Point  system,  19 

Polariscope,  177.  181 

Polarization,  174 

Polarization-brushes,  219 

-microscope,  188 
Polarized  light,  174 
Polarizer,  177 

Polysynthetic  twinning,  875 
Positive  crystal,  biaxial.  209,  217 

uniaxial,  194.  197,  201 
element.  242 
elongation,  218 
Potassium,  test  for,  259,  266 
Pressure,  effect  on  optical  cbaracters,  228 

figures,  149 
Primary  optic  axes,  207 
Principal  axis  or  plane  of  symmetry,  14 

section,  194 
Prisms,  26 

ditrigonal.  88 
hexagonal,  66,  67,  71 
horizontal.  92 
rhombic,  90 
tetragonal,  58 
third  order.  57,  71 
trigonal.  88 
Projection,  basal,  26,  558 

horizontal,  26,  558 
spherical,  27,  554 
drawing  of,  554 
Pseudo-hexagonal  crystals,  12.  127,  854 

-isometric  crystals,  229 
Pseudomorph,  144,  252 
Pseudomorphism,  252 
Pseudosymmetry,  12,  41,  122,  188,  226 
Pycnometer,  157 
Pyramid,  diametral,  55 
ditrigonal,  74 
hexagonal,  68,  69,  71 
rhombic,  92 
square.  55,  56.  59 
third  order,  59,  71 
trigonal,  88 
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Pynuild,  unit.  56 
Pyramldtl  gtoup,  69,  71 

hemlbedrUm,  60 

-bemimorphlc  group,  61,  78 
Pyrito  typo.  48 
Pyrilohednil  group,  43 

Bymmetry,  43 
Pyrilobedron,  43 
Pyro-electricity,  334 
FyrogDoatlcB,  364 


Radi&ted  structure,  142 
Radical,  cliemlcal.  S4B 
Ralitmal  iudtccs,  lav  of,  25 
Reaction,  cbeuiical,  S15 
Reagents,  i-Jiemicnl.  254 
Keduciug  Blliu.;.  257 
Reduction  of  metals,  261 
ReflBCtlQg  iroiiinniL'tor     12.  115 
RefleciioQ  of  ligbt,  164 
angle  of,  164 
Reflectomeler.  180         .     , 
Refraction,  168     _/U^»^C*«fc^ 

double,  173        * 

gireogth  of,  172 

index  c.  RefracilTe  Index 
Refractive  equivalent.  169 


mies 


miualionof,  170, 180. 


indices,  priiicipa],  168,  303 
Refrikciomeier,  180 
Relief,  bigb  or  low,  170 
Renlform  structure.  143 
Resinous  liiater,  \m 
l^iicuhtcd  structure,  143,  143 
Itbumbic  prisii 


pyra 


id.  B3 
1.375 

1.90 


RlioMibobeilral  syslcm,  16,  74 

of  Miller,  88 
Rhoiuboheilrftl-bemiiiKirpbic  group,  79 
UUombobedrod   76.  80 
Rigbl-bauded  ciystHl,  83,  324 

polarizution,  178 
Iloatliug,  261 
I  rays,  233 


Scale  of  hardness,  1S2 
ScalenobedTOD,  77 

tetragonal,  03 
e  type,  60 
Bcbiller,  100 
HchlllerizatioD.  100 
Scleromeier,  152 
Second  order  priam,  67 

pyramid,  68 
rboniboLedron,  80 
Secondary  optic  axes,  207 

tffinnlDg,  122,  148 
Sectant,  23 
Sectile.  154 

^leuile-plaLe,  201.  218 
Selenium,  lesls  for,  260.  261,  268 
Semi  melnls.  24 
Serai  trauspurenl.  186 
"eparablc.  142 

hlning  luster,  189 
Silica,  leal  for.  260 
»<lhy  luster,  ISO 

Silver,  test  for,  25,i,  261.  263,  36© 
Soda,  uaeof,  261.  262 
Sodium,  test  for,  259,  366 
Soft  miaerals,  163 

Solubility  in  nciils,  264  i 

Solution- planes.  149 
^ftistadt  solution    168 
Sound  ■waves,  l6l 
Specific  gravity,  156 

balance,  156,  157. 

heat.  288 

refractive  power,  169 
Spectroscoiie.  170 
Speller,  2^3 

Sphenoid,  62;  rbonibic.  96 
Siibunrndal  group,  81.  96 
Si'bericid  projections,  27 

coustsuclLon,  551 
triangles,  forninlns,  32 
Spbemliles,  328.  372 
Splendent  luhter.  189 
Splintery  fmclure,  IJi3 
Square  prisma,  54,  59 

pyramids.  S6,  56.  60 
Slnldclilic  siruclurc,  143 
Stauroscope,  181,  231 
Stellated  structure,  143 
Slri-nk,  187 
Strengib  of  double  refraction,  172,  197,  19^ 


212 


i.  136 


In- figure  »i.  Percussion-figur 
Strontium,  test  for.  259,  266 
Sublillinle.  260 
Subtntnsliiceut.  186 
Subtrntispnrent,  186 
Subvltreuus,  188 
Sulpljalca.  test  for.  263 
Sulphides.  346.  260 
Suiplir-snlls,  348 
Sulpliur.  test  for.  255.  360,  266 
Sulpliiirons  odor,  23ti 
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BwelHng  up,  258 
Sjmbol,  chemical,  240 

crystallographic,  28 
Symmetry,  8 

axis  of,  9 
center  of,  10 

exhibited  by  spherical  projec- 
tion, 29 
groups  of,  13 
planes  of,  9 
Synthesis,  mineral ,.262 
System,  hexagonal,  65 
isometric,  88 
monoclinic,  98 
orthorhombic,  89 
rhombobedral,  74 
tetragonal,  58 
triclinic,  t06 
Systems  of  crystallization,  18 


Tangent  relation,  81 

Tarnish,  190 

Taste,  288 

Tellurium,  tests  for,  260,  261,  267 

Tenacity,  154 

Test  paper,  256 

Tetartohedral  forms,  18 

groups,  51,  68 

Tetragonal  crystals,  58 

scaleuohedron,  62 
symmetry,  10 
system,  58;  15 
trapezohedron,  68 
trisoctahedron,  88 
tristetrahedron,  48 

Tetrahedral  group,  46, 51 

Tetrahedrite  type,  46 

Tetrahedron,  46 

Tetrahexahedron,  86 

Tetravalent  element,  244 

Theodolite  goniometer,  117 

Thermo-electricity,  285 

Third-order  prism,  59,  71 

pyramid,  59,  71 
rhombohedron,  81 

Thoulet  solution.  158 

Tin,  test  for,  261,  262,  267 

Titanium,  test  for,  264.  267 

Total  reflection,  169 

reflectometer.  180 

Tourmaline  type,  79 
tongs  ,181 

Translucent,  186 

Transparency.  186 

Transparent,  186 

Trapezohedral  group,  68.  78,  83 

Trapezohedron,  88,  68,  74,  82 

hexagonal,  74 
tegtraonal,  68 
trigonal,  82 

Tribasic  acid,  244 

Trichite,  140 


Triclinic  crystals,  106 

optical  characters  of,  228 
division,  74 
system,  106 
symmetry,  9 
Trigonal  prism,  88 

pyramid,  88 
trapezohedron,  82 
trisoctahedron,  86 
tristetrahedron,  48 
Trigondodecabedron,  48 
Trigonotype  group,  74 
Trimorphous,  251 
Trisoctahedrons,  86,  88 
Tri-rhombohedral  group,  80 
Tristetrabedrons,  48 
Trivalent  element,  244 
Truncate,  truncation,  85 
Tungsten,  test  for,  267 
Twin  crystals,  118 

drawing  of,  552 
optical  characters,  226 
Twinning  axis,  119 

plane,  119 
Twinning,  polysynthetic,  121 
repeated,  121 
secondary,  122,  148 

U 

XJllmanite  type,  51 
Ultra-blue,  428 
Uneyen  fracture,  152 
Uniaxial  crystals,  192 

optical  characters,  198 
examination,  197 
Unit  form,  25 

prism,  54,  90.  101,  107 

pyramid.  92,  101,  107 
Univalent  element,  244 
Unmetallic  luster,  188 
Uranium,  tests  for,  263,  264,  267 
Uralitization,  401 


Valence,  244 

Vanadium,  test  for,  263,  264,  267 

Velocity  of  light,  162 

relation  to  refractive  in- 
dex, 168 
Vanadates,  112 
Vesicular  bead,  135 
Vibration-directions,  197,  208,  211 

relation  to  ether-axes,  211 
Vicinal  forms,  20,  41 
Vitreous  luster,  188 

W 

Water  of  crystallization,  248 
Water-waves,  161 
Wave-front,  168 
Wave-length,  162.  164 


IM 
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Aarite,  v.  Arite,  295 
Abriachanite.  404 
Acadialite,  458 
Acanthite,  290 
Acerdese,  v.  Manganite 
Achmatite,  439 
Acbroile,  448 
Acmite,  891 

Actinolite,  Actinote,  400 
Adamautine  spar,  888 
Adamiue,  505 
Adamite,  505 
Adelite.  502 

Adipocire,  r.  Hatchettite 
Adular,  Adularia,  872 
Adelite.  442 
^girioe,  891 
-^girite.  891 
iBgirite-nugite.  890 
j^nigmatite,  405 
iBscliyDite,  493 
Agalite,  480 
Agalmatolite,  466 
Agaric  mineral,  356 
Agate.  826 
Agate-jasper,  327 
Agricolite,  419 
Aguilarite.  289 
Aikiuite.  310 
AlabaDdin,  292 
Alabandite.  292 
Alabaster,  582 

Oriental,  856 
Alalite.  388 
Alaskaite.  308 
Alaiin,  V.  Alum,  585 
Alaunstein,  587 
Albertite,  545 
All)ite,  877 
Alexandrite,  84; 
Algodonite,  286 
Alisonite,  288 
Allactite,  Allaktit,  606 
Allagite.  896 
Allanite,  440 
AllemoDtite,  275 


Allochroite,  417 
Alloclasite,  Alloklas,  804 
Allopalladium,  281 
Allophane,  488 
Almaodine,  Almandite,  416; 

338 
Alahedite,  486 
Alstonite,  v.  Bromlite,  862 
Altaite,  288 
Alum,  585 
Ahimian,  580 
Alumina,  888 
Aluminateb,  887  et  teq, 
Aluminite.  587 
Aluminium  borate,  518 

carbonate,  866, 

chloride,  821 

fluorides,  821,  828 

hydrates.  848,  851 

mellate,  542 

oxide,  883,  848.  851 

phosphates,  506,  510,  eie. 

silicates,  481.   482,   488, 
484,  481,  482,  488,  etc. 

sulphates,  528,  580.  585, 
587 
Aluminium  ore,  851 
Alumstone.  587 
Alunite.  587 
Alunogen,  585 
Alur^te,  470 
Amalgam,  279 
Amarantite,  536 
Amazonite,  374 
Amazonstone,  374 
Amber,  548;  276 
Amblygonite,  508     ' 
Amblvstegite,  886 
Amesite,  475 
Amethyst,  826 

Oriental,  888 
Amianthus,  401, 477 
Ammiolite,  516 
Ammonium,  carbonate,  864 

chloride.  819 

oxalate,  542 

phosphates.  510.  etc. 

sulphates,  528,  eic» 


Amphibole,  899 
Amfhibolb  Group,  397 

Amphibole-anthophyllite,401 
Amphigdne.  881 
Arophodelite,  880 
Analcime,  460 
Analclte,  460 
Anatase,  846 
Andalusite,  482 
Andesine,  879 
Andorite,  808 
Andradite,  417 
Andrewsite.  514 
Auglesite.  527 
Anhydrite,  528 
Anlmikite,  286 
Ankerite,  858 
Annabergite,  509 
AnnerOdlte.  498 
Aunite,  470 
Anomite.  468 
Anorthite,  880 

Anorthoclase,  Anorthose,  874 
Anthophyliite,  398 

Hydrous,  398 
Anthracite,  546 
Antigorite,  477 
Antimonarsen,  v.  Allemontite 
Antimonatbs,  516 
Antimonblende,  805 
Antimonglanz,  288 
Antimonides,  296,  etc, 
Antimonite,  288 
Antimonitbs,  516 
An timon nickel,  296 
AntimoQsilber,  286 
Antimonsilberblende,  811 
Antimony,  Arsenical,  275 

Gray,  288 

Native.  275 

Red,  V,  Eermesite 

White,  880 
Antimony  oxides,  830 

oxysulphide.  806 

sulphide,  288,  284 
Antimonblende.  v.  Kermesita 
Antimony  glance,  288 
Antlerite,  580 
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ApiUite,  497 

Aphandte,  AphaDedtab  606 
Aphrite.  856 
Aphrisite,  448 
Apbrodderite.  476 
Aphthaloie,  688 
ApbthiUlite.  688 
Ap1oliiilte«  687 
Apiome,  417 
ApophylUte,  468 
Apotome,  686 
Aquamarine.  .406 
AnDoxene,  605 
Aragonile,  861 
Arcaoite,  688 
Atdennlte,  446 
Arendalite,  489 
Arf  Tedaonlte,  406    ^ 
Argentine,  865-<if<^^,^.    , 
ArgenUle.  888-S-.lvtrMtU:^4 

Arxentoblunutite, «.  MaUltide 
Axiyrodite,  810 
Aiite.886 
Arkandte,  847 
Arquerite,  870 

Arragonite,  a.  Aragonite^  801 
Absbhatbs,  404 
Anenio,  874 
-    AnUmonlal,  875 

NatlTe»  874 

White.  880 
Anenic  oxide,  880 

•ttlphlde,  888 

AB8BHIDB8.  885 

ArseDikalkies,  308 
Arsenikkies,  a08 
Anenioplelte,  507 
Arseniosiderite,  506 
Arsenkies.  aOS 
Arsenolite.  380 
Arsenopvrite,  808 
ArseDsiloerblende,  811 
Asbestos,  Asbestos,  401,  477 

Blue,  404 
Asbolan,  852 
Asbolite.  852 
Ascharite,  519 
Asmaiiite,  328 
Asparngus-stoDe,  498 
Aspasiolite,  408 
Aspbaltum.  545 
Asteria,  338 
Asteriated  quartz,  826 

sapphire.  838 
Astrakanite,  535 
Astrophyllite.  487 
Atacamite,  322 
Alelestite,  507 
Atopite.  516 
Attacolite,  513 
Auerlite,  480 
Augelite.  513 
Augiie.  390 
Auralite,  408 


Anrichaldte,  866 
AnripigmenUiin,  888 
Automolite,  889 
Atttunite,  616 
ATentnrioe  feldspar.  878 

quarts,  886 
Az-stone,  894 
Azinite,  441 
Awaruite,  881 
Asurile,865 

B 

Babingtonite,  896 
Baddeleyite,  846 
Bagrationite.  489 
Baikalite.  889 
Balas  ruby,  888 
Baltimorite,  477 
Bamlite,  484 
Baricaldte.  866 
Barite,  584 
Barium  carbonate,  889^  884 

nitrate,  517 

silicate,  878, 881, 408,454 
456, 460.  etc. 

sulphate.  584 
Bariumuranit,  516 
Barkerikite,  406 
Barrandite,  510 
Barsowite.  481 
Barylite,  408 
Baiysnite.  408 
Baryt,  BaTvtes.  584 
Baryta,  e.  Barium 
Baryta-feldspar,  378.  381 
Barytocalcite,  864 
Baryturanit,  515 
Basanite,  327 
Bastite,  386 

BastDflsite,  BastQaesite,  864 
Batbvillite,  548 
Batracbite,  422 
Bauxite,  850 
BayldoDite,  511 
BeaumoDtite,  454 
Beauxite,  350 
Bechilite,  521 
Beegerite,  314 
Beilsteio,  e.  Nepbrite 
Bell- metal  ore.  315 
Belooesite,  542 
Bementite,  484 
Beraunite,  518 
Bergamaskite,  402 
Bergblau,  v.  Azurite 
Bergkrystall,  v.  Quartz 
Bergbolz,  401 
Bergleder,  401 
Bergmanuite,  461 
Bergmehl.  356 
Bergmilcb.  356 
BergOl.  544 
Bergpecb,  545 


Beigsahs,  818 

Be^seife,  488 

Beiftheer, «.  Pittespbalt,  IM 

BerBntte,  518 

Bernstein,  648 

Berthlerite,  808 

Bertrandite,  448 

Beryl  406 

Beryllium  aluminatab  84S 

borate,  618 

phosphate,  608 

silicate,    406,  407,    49$, 
486.446 
fieiyllonite,  4M 
Berselianite,  889 
Berseliite,  496 
Beudantlte,  516 
B^chite,996 
Bieberite,  684 
Bildstein, «.  AgalmatoUte 
Bindhdmite,  516 
Binnite,  808 
Biotina,  Biotlne,  881 
Biotite,  467 
Bischofi^e,  888 
Bismite,  880 
Bismuth.  Naa?e,  876 
Bismuth  arsenate,  607 

carbonate,  864,  W7 

oxide,  880 

Qxyeblorlde,  888 

seienide,884 

sUicate.  414 

sulphide,  284 

tellurate,  588 

telluride,  284 

uranate,  515 

vanadate,  496 
Bismuth  glance.  284 
Bismuth  gold,  276 
Bismuth  ocher,  880 
Bismuthinite.  284 
Bismutite,  367 
Bismutosmaltite,  802 
Bismutospbserite,  864 
Bittersalz,  v.  Epsomite 
Bitter    spar,    Bitterspath,  a. 

Dolomite 
Bitumen,  544.  545 
Bitumiuous  coal,  546 
Bixbyite,  848 
Blelkite.  809 
Black  jack.  291 
Black  lead.  278 
Blftttertellur,    e.  Nagyagite, 

805 
Blaueisenerde,  e.  Vivianite 
Blci.  Gediegen.  879 
Bleiantimonglanz.  807 
Bleiglanz,  287 
Bleini^re.  Bleinierite. «.  Bind* 

heimite 
Bleischweif.  888 
Blelyitrol.  587 
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BleDde.  291 
BlOdite,  585 
Bloedite.  Bloedite,  535 
Bloodstoue,  826 
Blue  asbestus.  404 

irou  earth.  508 

John.  820 

malachite.  «.  Azurite 

vitriol.  534 
Bobierrite,  508 
Boghead  cnunel,  546 
Bog- iron  ore.  850 

manganese,  853 
Bole.  Bolus.  482 
Boleite.  822 
Bologna  stoue,  525 
Boltonite,  422 
BoDe- phosphate,  499 

turquoise,  512 
Boosdorfflte,  408 
Boort.  272 
Boracic  acid.  852 
Boracite,  518 
Borates.  518 
Borax.  520 
Borickite,  514 
Boric  aci(i,  852 
Bornite,  297 
Boron  hydrate,  852 

silicate.  481.  485 
Boronatrocalcite,  520 
Bort,  272 
BostoQite,  478 
Botryogeu,  587 
Botryolile.  436 
Boulangedte,  809 
Bouriiouite.  810 
Boussingiiultite,  585 
Bowenite,  477 
Brackebuschite,  505 
Bragite.490 
Braudisite,  471 
Brandlite,  507 
Brauneisenstein,  850 
Braunite,  848 
Braunkohle.  546 
Braunstein.  Grauer,  v,  Pyro- 

hisite 
Brazilian  pebble.  825 

emerald,  448 

sapphire,  448 
Brazilite,  346 
Bredbergite.  417 
Breislakite,  402 
Breithauptite.  296 
Breunerite,  858 
Breunnerite.  358 
Brevicite.  461 
Brewsterite.  454 
Brittle  silver  ore,  814 
Brochantlte.  580 
BrCggerite,  521 
Bromides,  319 
Bromlite,  862 


Bromyrite,  819 

Brongnartine,  580 

BroDguiardite,  809 

BroDzite,  885 

Brook  ite,  847 

Brown  coal,  546 
iron  ore,  850 
iron  stone.  850 
hematite,  850 
ocher,  850 
spar,  858 

Brucite,  851 

Brushite,  510 

Bucholzite,  484 

Bucklandite,  489,  440 

Buhrstone,  827 

BuDsenite.  882 

Buntkupfererz,  297 

Burrstone,  827 

Bushmanite,  585 

Bustnmite,  896 

Buttermilcherz,  819 

Byssolite.  401 

Bytownite.  879 


Cabreite,  509 
Cacholong,  829 
Cacoxenite.  Cacoxene,  618 
Cadmia,  447 
Cadmium  sulphide,  294 
Cadmium  blende,   v,  Green- 

ockite,  294 
Caesium  silicate,  882 
Cainosite,  v.  Cenosite,  488 
Cairngorm  stone.  826 
Caking  coal,  546 
Calamine,  446;  360 
Calaverite,  805 
Calc  sinter,  856 

spar,  854 

tufa,  856 
Calcioferrite,  514 
Calciostrontianite,  868 
Calciovolborthite,  505 
Calcite,  854 
Calcium  arsenate,  510,  etc. 

antimonate,  516 

borate,  519,  520,  etc, 

carbonate,  854,  861 

chloride,  821 

fluoride,  820 

iodate,  517 

molybdate,  541 

niobatc,  489,  etc. 

nitrate,  517 

oxalate,  542 

oxy fluoride,  822 

phosphate,  497,  607,  610, 
etc. 

silicate,  895.  880,  etc. 

sulphate.  528,  581,  etc. 

sulphide,  292 


Calcium  tantalate,  489 
titanate,  485.  487 
tungstate.  540 

Caledonite,  580 

Callainite,  Calhiis,  510 

Calomel,  817 

Campylite,  500 

Canaanite,  889 

Cancrinite,  411 

Canfleldite,  816 

Cannel  coal,  546 

Caoutchouc,  Mineral,  545 

Capillary  pyrites,  295 

Caporcianite,  457 

Cappelenite,  407 

Caracolite,  580 

Carbon,  272 

Carbonado.  272 

Carbonates.  358 

Carminite,  496 

Carminspath,  496 

Carnallite,  828 

Carnelian,  826 

Cameol,  v,  Carnelian 

Carpholite,  447 

Carphosiderite,  586 

Carrollile,  297 

Caryinite,  495 

Caryocerite,  407 

Caryopilite,  484 

Cassiterite,  844 

Castanite,  586 

Castor,  Castorite.  369 

Caswellite,  469 

Catapleiite,  407 

Cataspilite,  408 

Cat'seye.  842,  326 

Cauk.  Cawk.  525 

Celadonite,  481 

Celestine,  526 

Celestite,  526 

Celsian.  881 

Cenosite,  488 

Cerargyrite,  819 

Cerite.  447 

Cerium  carbonate,  864 
fluoride,  321 .  822 
niobates,  489 
phosphates.  495.  509 
silicates,  440  447,487,0fo» 

Cerussite,  Cerusite,  868 

Cervantite,  830 

Ceylanite,  Ceylonlte,  8d8 

Chabasie,  458 

Chabazite,  458 

Chalcanthite,  534 

Chalcedony,  326 

Chalcocite,  290 

Chalcodite.  476 

Chalcomeuite,  538  '<%'i^ 

Chalcophanite,  852         Sz/4\ 

ChHlcophyllite.  511 

Chalcopyrite,  297 

Chalcoslderite,  514 


V 


nrDxx  TO  BPBom. 


Oluilootine,  S90 
ChalcosUblle,  806 
OhAlcotrlchite,  881 
Chalk.  806 

French,  476 
OhaljrUtor866 
Ghatnoisito.  Ohamodteb  476 
Chatbamite,  801 
Chemawinite,  648 
Ohenerlzite,  614 
Chert,  887 
Cheiij  oofmer,  866 
Chea^lite,866 
Chesterllte,  874 
Chiaatolite.  488 
Childrenite.  618 
ChitoDite,  886 
Chiolite,881 
CbiTiatite^  807 
Chladnite.  884 
Chloanthite.  801 
Chlonaiumlnite.  881 
Ohlor-apatite,  488 
Chlorblei,  e.  Cotunuite 
Chlobides,  817 
Chlorite,  478 
Chlobitb  Gnnii^  478 
Chloritoid,  471 
Chlorit^)alh»  471 
Chlorooaloite,  881 
ChloromngiieiBite,  881 
Chlorometanite,  884 
Chloropal,  484 
Chlorophfilte,  476 
Chlorophane,  820 
Chlorophyllite.  408 
Ohlorquecksilber,  317 
Cblorospinel,  388 
Cblorsilber  v.  Cerargyrite 
Choudrarsenite.  505 
Choudrodite,  443 
CbrismatiDe,  Cbrismatite,  643 
Cbristianite,  381 
Cbristobalite,  828 
Obristopbite.  291 
Chromatbs,  629,  etc. 
Cbrome  diopside,  389 
Cbrome  spiDel,  338 
CbromeiseDStein,  v.  Cbromite 
Cbromic  iron,  341 
Cbromite,  341 
Cbromium  oxide,  341 

sulpbate,  537 

Bulpbide,  297 
Cbrysobenrl,  842 
Cbrysocolfa,  483 
Cbrysolite,  420  ^ 

Chktsolitb  Group,  419 
Cbrysoprase.  326 
Cbrysotile,  477 
Cburcbite.  509 
Cimolite,  482 
CbiDabar,  293 

lo flammable,  644 


CiDDamoD-etone,  416 

Cirrolite.  606 

Citrine,  886 

Clarite,  816 

Claudetite,  880 

Claaitbalite,  888 

Clay,  481  ei  mq. 

Clay  bon*9toiie,  886 
Brown,  860 

CkaTelandite.  878 

Cleiophane,  888 

Cleydte,  681 

Clfftonite.  878 

Clinochlore,  478 

OiDocbMe,  606 

Clinodarite.  606 

Clinohedrite,  447 

CHnobumite,-  448  . 

Clintonite,  471 

CuHTOMiTB  Group,  470 

Clinosoiiite,  488 

Coal.  Minerml,  646, 646 

Cobalt  amnate,  607,  608 
carbonate,  861,  867 
arsenide,  801,  808,  808. 

804 
selenite,  688 
milph-anenide,  801 
sulphate,  684 

Cobalt  sulphide,  801 

Cobalt  bloom,  608 

Cobalt  glance,  e.  CobaHUe 

Cobalttne,  801 

Cobaltile.  801 

CobaltomeDite,  588 

Coccolite,  389 

Ccelestine,  526 

Coeruleolactite,  513 

Colienite.  281 

Coke.  546 

Colemauite,  519 

COlestinc,  v.  Celestite 

Collophnnite.  507 

Collyrite,  483 

Colophonite.  417,  428 

Coloradoite.  292 

COLUMBATES,    9.    NiOBATES, 

489 
Columbite.  490 
Ooraptonite,  468 
Confolensite,  488 
Couicbalcite,  511 
Connarite,  480 
Counellite.  530 
Cookeite.  467 
Copal.  Fossil.  543 
Copaline,  CoJDalite,  543 
Copiapite,  536 
Copper,  278 

Emerald. «.  Dioptase,  424 

Gray.  312 

Indigo.  V.  Covellite,  294 

Nntive,  278 

Red,  «.  Cuprite,  330 


Copper.  Yitreona,  •.CbatoiK 
eite,890 
Yellow,  887 
Copperarsenste,  IfM.  flOC^  6U» 

arsenide,  806 
carbonate.  864,  866 
chloTide,.817p 
msngauatfl^  848 
iodide,  817.  819 
nitrate,  617 
OKidea,  881,  888 
ozychlorUeSk  888^  888 
I^oephates.  604^  611, 
selenides,  888 
selcDitet  688 
sUicates,  484,  488 
sulpbantimonatey  816 
salphanUmonite^  868  dt 

BolpnarsenatM^  816 
sulphanenlta,  8IML«|0l 
sulphates,  688,  680;  Iqr* 

drous,  684  •<  atf  . 
snlphides,  880. 8N,  987  «r 

sulpho-Unnutbilea,  808 

tungstate,  641 

iranadates,  606 
Copper  glance,  880 
Copper  mica,  616 
Copper  nickel,  886 
Copper  pyrites,  887 
Copper  uianite,  615 
Copper  vitriol.  584 
Copperas.  584 
Coprolites.  499 
Coquimbite.  535 
Cordierite,  407 
Cornwallite,  511 
Corundopbilite,  475 
Corundum.  838 
Corynite,  302 
Cosalite.  309 
Cossyrite,  405 
Cotunnite,  821 
Couseranite,  426 
Covellite.  Covelline.  284 
Crednerite,  343 
Cricbtonite,  837 
Cristobalite,  328 
CrocHlite.  462 
Crocidolite,  404 
Crocoite,  Crocoisite,  689 
Cromfordite.  e.  Pbosgenite 
Cronstedtite.  475 
Crookesite.  289 
Crossite,  405 
Cryolite,  821 
Cryophyllite.  467 
Cryptolite.  495 
Cryptopertbite,  878 
Cuban,  297 
I  Cuban  ite,  297 


Cube  ore,  •.  Fbannacotlder- 

Cube  spar,  «.  Anbydrlte 
CulsBgeeiU,  47fl 
C'uiiieufiie,  323 
CiimmiugtoDila,  401 
Ciiprile,  S30 
Cuprobismulite,  307 
Cuprodeaclolzfle.  GOS 
Cupruludargyrite,  31& 
Cuproplumblle,  388 
CuproscUeelite,  541 
CuproUmgstite,  341 
Cuspid  ine.  441 
CyuDile,  434 
Cyanotliroile,  S85 
Cyanotricliite,  S36 
Cycloplle,  880 
Cylindriie.  316 
CymaiDliie,  393 
Cymopbnne,  342 
Cjprlne,  428 
Cyprusite,  537 
CynoUte,  480 


Dablllte,  4M 
Damourite,  406 
Danalte.  804 

DnuiLlite,  414 
Daiihurite,  431 
Sunn  emu  rite,  40t 
Darapsklie.  617 
Imtboliie,  43.'; 
Dalollte,  Dntolilli,  43S 
Daubreelte,  Dnutireile,  823 
Daubrgelite,  297 
Darldsoniie.  406 
Dsvleslte.  SS2 
Davyne.  DaviDa,  411 
DiiwBOnite,  3fl6 
Declieiilte,  SOS 
SelcsslLe,  4TS 
Delpbinllc.  439 
Delvauifte,  Dclvauxene.  B18 
Demant.  e.  Diamond,  371 
Deumnuiiii.  -in 
Derhylite,  518 
DeibVsIiiro  spnr,  820 
T>esc[oi2lte.  SOS 
D»mine.  450 
DtRlinczitc,  5l6 
Dewaloulie,  445 
Deweyliie,  479 
DiabanKte,  476 
Diadochite.  610 
DinllsEe,  Mft 
Diiil  oglle,  btalogile.  859 
Diamant.  271 
Diamond.  371 
Dinmonil.       B'lslol,       Lake 

DiNiiile.  491 


INDEX  TO   BFECIBS. 

Diaphoritu,  309 
DIaspore,  ZiH 
Dialomile,  329 
DfcLrolte.  407 
DickiDsouite,  G07 
DietMcliile,  535 
DletzeilB,  517 
Dibydriie,  SOS 
Dlnnside.  »88 
DiopIaBf.  434 
Dipyre,  436 
Disterrile,  471 
Diiitbeno.  434 
Dog -loo  lb  Bpar,  866 
Dolt-roplianile,  630 
DoloniUe,  B57 
Uomeyklte,  286 
DomiiigUe.  308 
Dop  pels  put  b,  35S 
Dopplerfie.  S44  • 
Double-rufniettDg  spar,  855 
Dmiglaaile,  323 
Dieolite,  5^5 
Dry-boue,  800 
Duilleyite.  470 
Durreolle,  600 
Dufr«DoyBiH:,309 
Dumortierilo,  449 
Durangite,  608 
Durdenlte,  688 
Dysaimlyit,  488 
Dyscnisile,  SbO 
Dyalulte,  SB» 
Dysodile,  644 
Dysantte,  890 
DyByDlriblle,  410,  406 


EcdeiDite,  510 
Ecume  de  Mer,  480 
Edelite,  443 
Edeuite,  402 
~   ingtonllo.  480 


Electrum,  370,  648 
ElemeDte,  271  et  t»g. 

Jileoliie,  410 
Eleonuritt,  613 
Elpidilt,  407 
Eoibulite,  819 
Embi-ltbUe.  809 
Euiemld.  406 
Orieulal,  400 
UraliaD,  418 
Emerald  copper,  c.  Dioplaae, 

424 
Emerald  Dickel,  807 
Emery,  883 
Emmoiislte,  538 
Emplectile,  Eniplektlt,  808 
Eiinreile,  315 
£ijdtilliouii(;,  v,  BounioDlta, 

310 
Eudlicbiic,  601 
j:iistaU[e,  884 
Eospboiite,  Q14 
EpiboulaiigciKe,  816 
Epk'blorile.  475 
EpididymKe.  369 
KriDOTE  Gioun.  487 
Ep!<lole.  ^38 
Epigcriite,  316 
Eplslilbile.  454 
Epsom  Bull.  533 
Ep»)iitite.  S38 
Eibbimnlnlinte.  490,  49S 
Erbsensiciii  8S6 
Erdkobali.v.  Aabollle 
ErdOl.  644 
EMJi)(rb.545 
Eniiiacbs,  "■" 


■Kist-n 


1  281 


I.  Vivlfinlie 
EiaenblQtbe.  301 
Eisenglariz,  334 
Elaen^llmmer.  886 
Ei><CDkics,  300,  308 
Eisenuickelkles.  298 
Eiaenpliititj,  380 
Eisenrahm,  386 
Eisenroseo,  886 
Eieeospatli.  a59 
ElaeDstHssrnrtite,  619 
Eiespalb.  872 
Eiwlein.  831 
Ekilemite.  610 
Elteolite.  410 
Elalerllc,  545 


;tinlle,  005 


Eruliei 

Eiyibrile.  501) 
ErytLroi'  '     '- 
EryUiioi 
Esmnvki 


197 


108 


s  4lfi 
i'tlriugite,  688 
Eucairile,  289 
~  icbroile,  5U 
Eudase.  430 
Eucoliie.407 
Eucolitc-Iilailile 
~  ciypllle,  410 
Eiiiiialyle.  407 
Eiididymiie,  8Gt 
Eudyalil      ■"" 
EllBtliBli 
Eiiknirili 
Euklas,  430 
Kiilyliiic,4U 
Eulylite,  414 
Eupyrchioilc.  4 
EunilKe,  47r, 
Eusyin'biir.  .'itJ.' 
Euxenllc,  493 
EvauBite,  618 


314 


annx  10 


DikknL  flUkii%  SIS 


lUkesbsyiite.  SIS 


Jtoeneolfih, «.  Katrallle 


nqrutttcOS 


Gnmp,  SM 
;  Bn3Ftft»  tlS»  SSI 
fiLtfiilttt 


Oliwj.  S7S 

Ltlwiidor.  S3S 

Itet^SBO 

Folarii,  Sift  SIS 

8oiki»  in 
fdiOlMuijto.  iST 
Niptf,  «u  liddqMff 
SWrgiiioofte»^ttO 


FcRocaldte»  SOS 
Feitogoilwite.  68S 
Femiatrlie.  6SS 
FMierbleiide  «.  P]rroftfl|Mitle» 
•  813 

Fibroferrite.  536 
Fibrolite,  483 
Fichtelite,  543 
Fiedlente,  322 
Fillowite,  507 
Fiorite,  329 
Fire  opal.  329 

marble,  356 
Fireblende    v,  Pyroslilpnite, 

312 
Fischerite.  512 
Pitches  d'amour,  345 
Flinkite.  506 
Flint,  327 
Plonlslone,  329 
Flos  ferri,  361 
Fluellite,  328 
Fliiocerite.  322 
Fluor  V.  Fliiorfte, 
Fluor-apatite,  498 
Fluor  spar,  320 
Fluorides,  320  et  aeq. 
Fluorite.  320 
Flussspath,  320 
Foliated    tellurium  v.   Nag- 

yagite,  305 
Footainebleau  limestoue,  355 
Footcite.  323 
Forbesile,  510 
Forsterite,  422 


itan 


modTmsas 


FknkliBili^  Sa 


fuMwilB 


VMlMnit%  S] 
FiriiiriijiiwiHffi, 
WnmA  cMk, 


VHeddite.4SA 


€tado1iBiU^«S 
OdbBite^SIS 
CUft^ittt,4Sl 
ChOapedit^  4BS 

Qatooa.  IWie.  SSI 

Qaoomalltt,  40S 
QaMpbymt^  4BS 
Qumet*  416 

Cinnaai<m,  ttS 

Cliroaie.417 

Oroomliir,  416 

Oriental.  416 

Precious,  416 

Tetrahedral,  v.  Helvite 

White,  V.  Leucite 
Garnierite,  479 
Gastaldite,  404 
Gay-Lussite,  866 
Gearksutite.  328 
Gedauite.  548 
Gedrite,  898 
Gehlenite,  427 
Geikielite.  488 
GekrOsstein,  528 
Gelbbleierz.  541 
Gcll)ei8enerz,  537 
GclbeisenstPiD,  350 
Gentbite,  479 
Geocerellite,  544 
Geocerite,  544 
Geocronite,  314 
Geomyricite,  544 
Gerbardtite,  517 
Gebmanatbs.  816 
Gersdorffite,  802 
Geyerite,  808 
Geyserite,  829 
Gibbsite,  361 
Gieseckite,  410,  466 
Gigantolite,  408.  466 
Glfbertite,  435 


«? 


OlM^opf, 


Gkatenlt.SSI 
Oiaiibniltii. 

QtoeoHlfl^  4SS 


G1mu90|iImim,  4SS 
GiMikodoC  SSA 
QleHita^SIS 
OtIaiiMr. «.  Mlim 
GlolKMllab  61S 
GlodE«ite.SIS 
flUnlniim  1  flUajiniMB 
QairiUto.4BS 
Goetliite.SIS 
Gold.  278 

Gold  tfllhnidei^  SOik  SM( 
G€itaiit%40S 

GoilMlb|,6SS 
QSUdte^SIS 
Gojraxhe.  614 
Orahamite,  545 
Grameoite,  Graminite.  484 
Grammatite,  401 
Gnmat,  v.  (Woet 
Graphic  tellurium,  S04 
Graphite.  278 
Gray  antimony,  28S 

copper,  812 
Green  lead  ore,  499 
Greenockite,  294 
Greenovite,  486 
Grenat,  v.  Garnet 
Griphite.  502 

Grossular.  Groaaalarite,  416 
Orothite,  486 
GrQnauite,  296 
Qranbleierz,  499 
GrQneisenerde,  «.  Dnfvenite 
GrQnerite,  401 
Guadalcazarite,  293 
Guanajuatite,  284 
Guano,  499 
Guarinite,  487 
Guejarite,  808 
Guitermanite,  810 
Gummierz.  522 
Gummite,  522 
Gymnite.  479 
Gypsum,  Gyp8»  581 
Gyrolite,  4(» 
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H 


Haarkies,  295,  803 
Haarsiilz.  588 

Hsmatite,  v.  Hematite,  884 
Haidiugerite.  510 
Hair  snTt.  588 
Halite.  318 
Hallite.  476 
Halloysite.  481 
Halotrichite,  585 
Hamartite.  364 
Hamhergite.  518 
Hamliiiite.  503 
Hanksite.  530 
Haunayite,  ^10 
Haplome.  417 
Harlequin  opiil,  v.  Opal 
Hannotome,  456 
Harstigite,  442 
Hai  tite.  548 
Hastings! te.  402 
Hatcbettine.  Hatchettite,  543 
Hatcliettolite.  489 
Haucbccornite,  295 
Hauerite,  301 
Haugblouite,  408 
Hausmaunite,  842 
HautefeuilMte,  508 
HiiQyue,  412 
Hattynite,  412 
Haydenite.  458 
Heavy  spur,  524 
Hcbrouite,  503 
Hedenbergite,  889 
Hedypbaue,  501 
Heintzite.  520 
Heliopbyllite.  516 
Heliotrope.  326 
Helvite,  Helvine,  414 
Hemafibrite.  511 
Hematite.  334 

Brown,  850 
Hemalolite.  507 
Hematostibiite.  507 
Hemimorphite.  446 
Henwoodite.  514 
Hepatic  cinnabar,  294 
llercynite.  339 
Herderile,  503 
Herrengrundite,  586 
Herscbelite.  458 
Hessite   289 
Hesaoniie.  416 
Heteroclin.  343 
Henlandite,  454 
Hielmite.  Ujelmit,  498 
Hieratite.  321 
Hiddenite.  893 
Higbgate  resin,  548 
llimbeerspatb,  859 
Hintzdto.  520 
Hioildablile.  396 
Hisingerlte,  484 


Hoeferite.  484 
Hoeroesite,  508 
Hohmannite.  586 
Holzopal,  8i9 
Holzzinnerz,  844       i  ##* 
Homiliie.  436    rtOlH»«awk 
Honey-stone,   Honigsteio,   v. 

Mel  lite 
Hopeite.  507 
Horbachite.  296 
Horn  quicksilver,  317 
Horn  silver.  819 
Hornblei.  v.  Pbosgenite 
Hornblende.  899.  402 
HOrnesit.  Hornsilber,  819 
Hora stone,  827 
Horse-flesb  ore,  297 
Horsfordite,  286 
Hortonolite,  422 
Howlite,  519 
Huantajayite.  818 
Habnerite,  589 
Hullite,  475 
Humboltine,  542 
Humboldtilite,  426 
Hiimboldtite,  486 
Huniite.  443 
Huntilite.  286 
Hureaulite.  510 
Hyacinth,  429;  416 
Hyalite,  329 
Hyalophane,  878 
Hyalosiderite.  420 
Hyalotekite.  408 
Hydrargillite,  351 
Hydraulic  limestone,  856 
Hydroboracite,  521 
Hydrocarbons,  543 
Hydrocerussile,  366 
Hydrocyanite.  528 
Hydrofranklinite.  352 
Hydrogiobertite,  367 
Hydrobematite,  350 
Hydromagnesite,  367 
Hydromica,  465 
Hydromuscoviie,  465 
Hydronepbelite.  468 
Hydrophane,  329 
Hydrophilite,  321 
Hydrotalcite.  352 
Hydro/incite.  366 
Hyperstbene.  385 
Hyposlilbite,  457 


I 


Iberite.  408 
Ice.  881 
Ice  spar,  372 
Iceland  spar.  355 
Iddingsite   422 
Idocni«e.  4  27 
Idrialinc.  Idrialite,  544 


IgelstrOmite,  852 
iCleite,  585 
Ilesite,  588 
Ilraenite.  336 
Ilmenorutile,  845 
Ilvaite,  445 
Indianaite,  482 
Indianite,  880 
Indicolite.  448 
Indi^olite.  448 
Inesite.  452 

Inflammable  cinnabar,  544 
Infusorial  earth,  829 
lodate  of  calcium,  517 
Iodides.  819 
lodobromite,  819 
lodyrite,  819 
lolite.  407 

Hydrous,  408 
Iridium,  Native,  280 
Iridosmine,  280 
Iron,  Chromic,  «.  Chromite 

Magnetic,  339 

Meteoric.  281 

Native.  281 

01igi:»t.  V.  Hematite 
Iron  aluminate,  889 

arsenates,  508,  509,  etc, 

arsenides.  808 

carbide,  281 

carbonate,  859 

chlorides,  821 

chromate,  841 

columbate.  490 

ferrate.  839 

hydrates,  349,  350,  eie. 

niobate,  490 

oxalate.  542 

oxide,  334, 339;  bydrated, 
349.  350 

phosphates,  506,  508.  51<^ 
etc. 

silicates.    422.   445.   475, 
•     476 

sulphantimonite.  808 

sulpharsenide.  303 

sulphates,  534.  535,  586, 
etc, 

sulphides,  293.  296,  800, 
308 

magnetic,  296 

tantalates.  490 

tellurite.  588 

titanates,  386,  348 

tUDgstates.  539,  542 
Iron  alum.  535 
Iron  natrolite.  461 
Iron  pyrites.  300.  308 

Magnetic.  296 

White,  303 
Iserine,  Iserite,  387 
Isoclasite.  511 
Itnbirite.  836 
Itacolumite,  327 
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jMobdta.Ml 
Jide,  an.  894.  401 

jMtolB&KM,SH 


JBn)dl«,St7 
J^S5ta.476 


Rnonulitc.  402 
Kxinite.  530 
Knkoxeu,  SIS 
Ka1II>ort[i?,  530 
KalifcldspHth,  «. 
Knligliminvr,  4M 
KrIIdIip.  n35 
KHli»pUi1ite,  4I0 
Kiilinituelcr,  v,  Ktltft 
KnikglUmor.  CTO 
Kiillispnili,  354 

K«lknnin(t,  f>!.-. 
Kslliilt,  e.  Turquote 
KHililite,  303 
Kaliime),  SIT 
EHliudte.  Ei34 
Ranucite,  381 
ESminrrarlte,  474 
KaniareElte.  586 
Eitmmkies,  303 
Kampyllte.  499 
KttoIlD,  481 
EsollDite.  481 
EanninspHth,  ■.  Cftnalnlte 
Earaeol.  e.  Caroetiao 
Eitraleuttc,  a.  Anbydrtlfl 
Earyiulte,  491 
Rataforite.  403 
Eatienaii».  e.  Cnt'i-efe 
KautficLuk.  foeslles,  MS 
Eelioelie.  514 
KdlhaulU:.  487 
Eelyphite,  418 
Eentrolile.  44S 
Eenoes,  SOS 
Kcrmealte,  305 
Eenwene.  544 
Eerrile.  476 
En>delDpbau.  337 
KtdDsy  ore,  335 
Btooe,  401 


LlBffbu<t«  446 

^^bdnH;.  BM 

KteNilte.  Ul 

EUbriGksBlls,  814 

KIlHDlto.  4n 

utbulu,  MS 

KleraUDe.5a8 

Lapli-luutl.  41t 

KlInoklM.  SOS 

«nl«nlllte.  S10 

KUuMWt.  4» 

Ei>rtMiiu.4n 

LMorit^  418 

Ku^tlia  «B 

«ln>bfM.a80 

EboxtIUI|«,  S«S 

MbutlcWI 

KoteitbmtiM.  ro 

umodtt^  «7 

EobalAfM. «.  LlDUDlta 

Uurit«.«tt 

die        - 

MiMilta.817 

EobeUtto,m 

UTOrila,  SK 

EoebMli.  «.  H.11U 

UmOU.  LanoTtto,  IS* 

KooUlglut.  BOt 

Kiriih.  840*  64* 

UwMDtW,  447 

uiillto,8DI 

KofcatuwDTlte,  401 

«aurlU.4tt 

ESSSfe"*^ 

LMd.  979 

BUck.m 

•   M«lw.9» 

White,  i^  OsnMto 

:b)raiid.  K  OonwdoB 

<Al<»ld<i.  811.  at 

Kralitonile,  8» 

efarommtM.  099 

d1axM«.  848 

ETemerslte,  328 

molybdate.  341 
oiides.  883.  348.  84fl 

EreDoerile.  SOS 

KrUuWgile,  580 
ErOhnkTle.  SS6 

oxychloridM.  823 

ErOnkite.  Erfinnhile,  SS6 

Klenides,  388.  389 

Kryploperthlt.  ST3 

Billcaiea.  408,  446 

Kupfer,  0.  Copper 

EupferaDtimoDeUDB,  808 
Eiipferblende.  §18 

•ulpbatM,  537,  ete. 

pLjUlte 
Kiipfermdlg.  394 

sulphide.  387 

Eupferklea,  297 

etc. 

KupferlRflur.  865 

lelluri.le.  288 

Eupferaickel.  395 

tungstate.  Ml 

Kupterechaum,  611 

Eupferurunit,  SIS 

Lead  glance,  387 

Eupfervitrlol,  S84 

Lead  vilriol.  r.  AngtwllB 

Lewlbilltie.  529 

Eyaniie,  434 

LecoDllte.  531 

Erlladrlle,  310 

Ledererite.  459 

Lederite.  48« 

L 

Labrador  feldspu,  879 

LeoDhMdite.  457 

Ubradorite,  379 

LeoDlie,  585 

Lagonile.  519 

Leopoldlte.  819 
Lepidollie.  467 

Umpadile.  353 

LauTklie.  530 
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Lepolite,  880 
LetUomite.  586 
Leucaugite,  890 
Leuchteubergite  478 
Leuclte,  881 
Leucochalcite,  511 
LeiicomaDganite,  507 
Leucopetrite,  544 
Leucophanite.  407 
Leucopyrite,  808 
Leucoxene,  887,  486 
Levvoite,  Levyne,  459 
Lewisite,  516 
Ldbethenite,  504 
Liebenerite.  410,  466 
Liebigite,  867 
Lievnte,  445 
Lignite,  546 
Ligurite,  486 
LiiliaDite.  310 
Lime,  v.  Cnlcium 
Lime  uranite,  515 
Limestone,  857 

Hydraulic,  857 

Magnesian,  858 
Limonite,  850 
Linarite.  580 
Lindackerite,  516 
Linnffiite,  297 
Liosenkupfer,  e.  Liroconite, 

514 
Linsenerz, 
Liotouite.  462 
LirocoDite,  514 
Liskeardite,  518 
Lithia  mica,  467 
Litbionglimmer.  467 
Lithiopbilite.  496 
Litbium  pbospbates,  496,  508 

silicates,  898,  410.  467 
Litbograpbic  stone,  856 
Lithomarge,  481 
Livingstonite,  807 
Loadstone.  Lodestone,  889 
Loeweite,  535 
Loewigite,  538 
LOllingite,  303 
Lorandite,  808 
Losseuite,  516 
LOweite,  535 
L5wigite,  588 
Loxoclase,  872 
Luckitc.  584 
Ludlamite,  518 
Ludwigite.  518 
Lumacbelle,  856 
LQneburgitc,  516 
Lussatite,  826 
Lutecite,  328 
Luzonite,  815 
Lydian  stone,  827 

M 
Mackintosbite,  487 


Made,  488 
Maconite,  476 
Magnesioferrite,  841 
Magnesite,  858 
Magnesium  alumioate,  888 

arsenate,  508 

borate,  519,  520 

carbonates,  858,  866,  867 

ferrate,  341 

fluoride,  321 

bydrate,  851 

molybdate,  542 

oxides,  881,  351 

pliospbates,  502.  508,  510 

silicates.    384.    885,   etc; 
419,  448,  476,  479,  480 

sulpbates,  581,  583 

titanate,  488 
Magneteisenstein,  839 
Magnetic  iron  ore,  839 
Magnetic  pyrites,  296 
Magnetite,  889 
Magnetkies,  296 
Magnoferrite.  841 
Malacbite,  864 

Blue,  9.  Azurite 

Qreen.  864 
Malacolite,  888 
Malacon,  Malakon,480 
Maldouite,  276 
Mulinowskite,  818 
Mallnrdite,  534 
Maltba,  544 
Manganates,  887 
Manganandalusite,  488 
Manganapatite,  498 
Mangan  blende,  292 
Manganbrucite.  851 
Mangan cblorite.  474 
Mauganepidote,  440 
Manganese  antimonate,  507 

arsenates,  502,  505,  506, 
507 

carbonate,  859 

oxides,  345 

disulpbide.  801 

bydrates,  849,  851,  352 

Diobate,  490 

oxides.  882.  842, 848,  845, 
847,  849,  851 

pbospbates.  496.  502.  507 

silicates,    395,  422,   484, 
etc, 

sulphates,  531,  584 

sulpbide.  292.  301 

tantalate.  490 

titannte.  887 

tungstate,  589 
Manganglauz,  292 
Mangan  ff  ran  at.  v.  Spessartite 
Manganhedenbergite,  889 
Manganite.  349 
Manganraaenetite.  840 
MangaoocaTcite,  356,  860 


Mangauocolumbite,  491 
Man ganopbyl lite,  468 
Mauganosiderite.  360 
Mangauosite.  382 
Manganostibiite,  507 
Mangauotautulite,  491 
Maugaupectolite.  895 
Manganspatb.  859 
Maugautantalite,  492 
Marble,  856 

Verd-antique,  477 
Marcasite,  802 
Marceline,  848,  396 
Margarite  470 
Margarodite,  465 
Marialite,  426 
Marmatite,  291 
Marmolite,  477 
Mursbite,  317 
Martiuite.  510 
Martite,  886 
Mascaguite,  528 
MaskeTynite.  880 
Masonite.  472 
Massicot,  882 
Masrite,  535 
Matildite,  808 
Matlockite,  822 
Mauzeliite,  516 
Maxite.  529 
Mazapilite,  514 
Meerscbaum,  480 
Meionite,  425 
Melaconite,  882 
Melanaspbalt, 
Melan^lanz,  314 
Melanite,  417 
Mclaiiocerite.  407 
Melaiiopblogite,  828 
Melanotekite.  446 
Melanterite,  584 
Melilite,  Mellilite.  426 
Melinopbane,  v.  Melipbanite 
Meliphanite.  407 
Mellate  of  aluminium,  542 
Mellite.  542 
Meionite,  297 
Menaccanite.  386 
Mendipite,  822 
Mendozite,  535 
Menei^binite.  818 
Meuilite,  829 
Meunige.  848 
Mercury,  279 

Horn.  817 

Native,  279 
Mercury  antimonite,  516  '' 

cbloride.  817 

selenidcs,  292 

sulphides,  292,  298 

sulpbo-selenide,  292 

telluride.  292 
Mercury  amalgam,  279 
Meroxene,  468 
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lUMtB.  Vfldtfaie,  8» 
JlMltiiiiViitli.  SM 
Xeiole,  ••  tnioaiKniite 

]fMoijpe;4A8 
IftMelfie.  607 
Ifoubrattiit^  GIO 
If  ttaetniMbMitfl^  M» 
Motaitlbiittfl,  984 
If etavoltine.  887 
Metaorlo  Iron,  ttl 
Jfezlcaa  ODTZ.  888 
Jliafgyrite.  808 
JfKU.  Qiottp,  488 
MktL  Iron*  487,  470 

LinM,  flO 

Litlik.487 

MagiMMia,  487. 488 

Potaah.484 

8odft»487 

lOoMecms  inm  ore,  880 

merocUne.  878 
JdcroGotnuc  aalt,  610 
Wcfolite.  488 
MorcNKNiiiiilte,  411 
JOofoperlliHfl^  878 
Xlotopl^llita,  878 
lOcnmlaktte,  878 
Jfientt^818 
•IfiMite,  488 
JOkroldio,  878 
Mllarite,  888 
Milky  quartz,  826 
Millerite,  295 
Mimeteue,  Mimetesite,  600 
Himetite.  500 
Mineral  caoutchouc,  545 
Mineral  coal,  545 

oil,  544 

pitch,  545 

resin,  543 

tallow,  543 

tar,  V.  Pittasphalt 

wax,  548 
Minium.  343 
Mirabilfte.  531 
Misenitc,  530 
M  ipickel,  303 
Misy.  536 
Mixite,  515 
Mizzonite.  426 
Mocha  stone,  v.  Moss  agate 
Mock  lead.  291 
Molybdftnbleispath,  541 
Molybdanglanz,  285 

MOLTBDATES,  539 

Molybdenum  sulphide,  285 
trioxide,  830 
Molybdenite.  285 
Molybdic  ocher,  830 
Molybdite,  330 
Molybdomenite,  588 


Mdljnite,  881 
]f6iii»lte.488 
Monetite,  607 
Monlidbiiite,  888 
Xdnimolilflb  i88 
M6oite.607 
MomoUle,  484 
IfMitftiiitii^  688 
MdntioeUlte,  488 
MoatmodHonite^  488 
MooDftona^  879^877 
Mbtdenit^  468 
MmaMite,  688 
Morioo.  888 
Moi!Ozik488 
Moamdrita,  487 

Mottnunitflb  606 
Mouotdn  oofk,  481 
iMllwr,  401 

tallow.  648 

wood,  401 
Mttller'a  gkn,  888 
MalUdto,  608 
Mimdic,  a.  Ignite 
Mimdiiiooite.  878 
MotQcnrita.  484 
Mmoovy  gia«^  488 

K 

Nadeletaaoons,  a.  GOthlle 
Kadelerz,  «.  Aiklnlte 
Nadelzeolith,  461 
Nadorite,  516 
Nagyagite,  305 
Nailhead  spar,  855 
Nautokite,  317 
Napalite,  648 
Naphtha,  544 
Native  Elements.  271 
Natrium,  v.  Sodium 
Natroborocalcite,  520 
NatroUte,  461 
Natron,  366 
Natronmikroklin,  374 
Natron  orthokl AS,  872 
Natrophilite.  496 
Naumannite,  288 
Needle  ironstone,  849 
Needle  ore,  v.  Aikinite 
Needle  zeolite,  v.  Natrolite, 

461 
Nemalite,  351 
Neotocite.  396.  484 
Nepheline,  409 
Nephelite,  409 
Nephrite,  394,  401,  477 
Neptunite.  487 
Nesquehonite,  366 
Nevjanskite,  280 
Newberyite,  510 
Newtonlte,  482 


Kioeoltta.  888 

IXUML  MtlmoiildN.  888 


aiaenldei^  888^  i8i«  88i 

ozid6i^888 
ilUoftte.498 
mlphftnttnienid^i,  H8 

•olpliata.  688 
•Qlphidii,  888,  886^  818 
leUwlder887 
Nlckd  tellutide,  887 
NtckrinntimoBglanm,  «.  US- 

mMiiiite 
NIckeUaaeDlkgliiii^  «.  Ctaf9» 

dorflite 
Niokelfraniilto^  €39 

Nickd-aLiittonidltaw 
Nigriiie.846 

N10B4TB8.  488 

Kitor.  Nlti^  617 
Niter,  filoda,  677 
Krnu!nB8.<617 
muobarite,  617 
Nitrocsleheb  617 
KitioglMiberlt^  817 
NltromagDeiitii^  617 
NlTenito,  881 
Kooeillt.888 
NoatRmlte.  484 
NoRloiMki0ldlM618 
Nordnitrkite.  460 
Northupfte,  864 
Nosean,  Noeite,  418 
Noselite,  418 
Noumeite.  479 
Nugget.  277 
NussiSrite,  499 


O 


Ocher.  Brown,  850 

Red,  385 
Ochrolite,  516 
Octahedrite,  346 
Odontolite.  512 
(Eil  de  chat,  326 
(Ellacherite,  466 
Oil,  Mineral.  544 
Oisanite,  439 
Okenite,  452 
Oldhamite.  292 
Oligist  iron  v.  Hematite, 
Oligoclase,  378 
Oligomite,  &59 
Olivenerz,  504 
Olivenite,  504 
Olivine,  420 

Omphacite,  Omphadt,  889 
Oncosin,  465 
Onofrite,  292 
Onyx,  826 

Mexican,  866 
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Odvx  marble.  SH 
oolite,  866 

Penuinile,  474 

Plaster  of  Paris.  583 

Pentlandite,  393 

Plallna.  Plaline,  380 

Opal,  m 

PeplolUe.  408 

Platin Iridium,  280 

Opal  JBtper,  839 

PercylUe.  332 

Plntlnum,  Native.  380 

Ophlcalclte.  477 

PericlsM.  831 

Platinum,  araeaide.  803 

Opliiolite.  477 

PericHne.  PeriklfD,  877 

Plaitiierlie,  346 

Ophile,  478 

Peridot,  420 

Pleiiargyrilc,  808 

Ornngltc,  430 

PerfBterile.  377 

Pleonaate,  338 

Orienml  ntitbnster,  806 

PertliUe.  378 

Piea«lle.  281 

amelliysr,  ^33 

Ptrofskile,  487 

Plumbago.  273 

Perovskitc.  487 

Plumbogiimmiie,  014 

ruby.  888 

Perowskil.  487 

Plombocalclte,  356 

topaz.  888 

Pctatiie.  369 

Pliimbostib,  309 

Orpiment.  282 

Ptlrifled  wood.  337 

Polianite.  345 

Orllilie,  HO 

Petroleum.  544 

Pollucite.  Pollux.  883 

Ortliocliige.  370 

Poizite,  28B 

Polyndelpbite,  417 

Orlbosc,  e,  Orlhoclaae 

Pbacellte.  Fliacellltc.  410 

Polyargiie.  468 

Osmtlile,  895 

Phacolile.  458 

Polyargyrite,  31 S 

Oarairidium,  280 

Pharmacol  lie,  510 

Polyarseulte.  503 

Osmium  sulphide.  303 

Pharmacosliierite,  518 

Poiybagile,  314 

Osleolite,  498 

Phenaclti',  Pheoaltit,  428 

Polycrase,  483 

OllrelHo.  471 

Pbengile,  466 
Phlladelphile.  47S 

Polychroiliie,  408 

Ouvorovile,  417 

Polvdymlle,  298 

Oweuile,  47,') 

Pblllipiie,  586 

Poly  halite,  635 

OxALATse.  542 

Philllpalte,  455 

PolylilhioDile.  467 

UxMiiitiite,  543 

Plilogoplle.  469 

Polymlgiiite,  493 

OxiOF-s.  324 

Phceuiciie.  539 

Polynpbitrile,  499 

OxYnii.oRiuEH,  832 

OXVFLL0It[I>EX,  823 

Pholerile.  481 

OxTSULPIIIDKt-,  8U6 

Pliolldolite,  481 

Posepuyte,  544 

OzBikiie.  4>iJ 

Plioaseulle.  364 

Polaab  alum,  530 

Ozocerite,  Ozokerlt,  64S 

PUOSPHATKB. 

FuCassiuni  borate.  520 

Phosphorito,  498 

cbluride,  318,  323 

P 

PbiMjphorsalz,  510 

Diiraie.  517 

Phosphoslderjte.  610 

BlliCBle.    370,    873,    881. 

PachDolile,  323 

Pbospbnranyllle,  815 
Pholfclte.  366 

4Q4.  tU. 

PagDdiie,  466 

sulphate.  533 

PliylUte.  471 

PotBioiie,  479 

Pallatlium,  Native.  38( 

Phyulite,  433 

Povelllte.  541 

Pauabaae,  «.  Tetrahedrite 

Piclle,  513 

Prase,  826 

PBUdermfte.  520 

Pickeringlte.  535 

Praseolite.  408 

Paposite.  536 

Picotite.  338 

Pn'linile,  443 

Paroaio.  S43 

Picroepldole.  439 

Pfiiiriimilc,  391 

Parngonite,  467 
Panir.imli>ilr,  537 

Picrolite,  Pikrollt.  477 

Pri.eitc.  5aO 

Picromerlte.  535 

Priamatine,  46t 

Pftnimeluconiie,  382 

Plcrophnmiacolite,  508 

ProcLlorite.  475 

PBrOBiie.  51S 

Prolcctite.  443 

PafL-iiiitc.  403 
Pfirfsile,  304 

Pluakiolite,  5  IS 

Prowpilc,  y23 

Pingulie,  484 
Piofle,  4G6.  408 

Protobttj^lite,  ms 

Parophlie.  466 

Pi-uustite.  311                    J- 
PruEsluii  blue,  Native,  BO 
Pmlbnimile.  391.  349      ^ 

Parrot  coal.  546 

Pi,,noiie,  ,^,30 

Parlnchlnlte.  Partschin,  419 

Piotiiie.  480 

Pearcelie,  315 

Pirsscnit.;,  366 

Pseudobrookite.  348 

Pearl  sinter.  329 

Pisiiriiic  r,;M 

Pseudocampylilo,  490 

Peiii-Lspar,  357 

PlBolite.  856 

Pseiid.ileucile,  aSfl 

Ptnl.  541) 

Pisiaoile,  PistBZil,  488 

PseudoiimlHCliile,  505 

PuIiMp,  Jfnulliria  83S 

Piatomcaile.  359 

Pse!»ic)pliilc,  474 

Ptrhblende,  Percberz.  581 

Pitch,  Mineral. 

Paeudoslcutlte,  482 

l\-..kl,iit.iiie.  ;)87 

Pltcbblende.  .'iSl 

PectoHte.  896 

Piitajphalt.  ,'i44 

Psittaclmiie.  506 

Peganlte.  512 

Pitllcite,  Piltizlt,  S18 

Ptiiolite.  4S8 

Pendl-Etooe.  483 

Plagioclase,  374 

Pueberite.  496 

PeiiSeldite.  832 

PbiRlonlte.  308 

Puflerile,  457 

Peuntoe.  474 

PlMina.  336 

Punamu,  S»4 

590 
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Purple  copper  ore,  297 
Puschkiiiite.  439 
Pycnite,  482 
I^mrgilllle,  408 
Pyrargyrite,  311 
Pyreneite,  417 
Pyrgom.  390 
Pyriie,  800 

Pyrites,  Arsenical.  9.  Arseno- 
pyrite.  808 

Capillary,  295,  808 

Cockscomb,  803 

Copper.  297 

Iron,  300,  802 

Mairnetic,  296 

Radiated.  808 

Spear.  803 

Tin.  315 

White  irt)n,  802 
Pyroaurite,  352 
Pyrocblore.  489 
Pyrocbroite.  351 
Pyrolusite.  347 
Pyromorpbite,  499 
Pyrope,  416 
Pyropbanite,  887 
Pyropbospborite.  507 
Pyn)pbylfite,  482 
Pyropbvaalite.  482 
Pyroretinile,  544 
Pyrosclerite,  476 
Pyrosmalite,  424 
Pyrostibite,  307 
Pyroslilpnite,  312 
Pyroxene,  387 
Pyroxene  Group,  382 
Pyrrharseuite,    Pyrrboarsen- 

ite.  495 
Pyrrhite,  490 
Pynhotiiie.  296 
Pyrrbotite.  296 

Q 

Quartz.  324 
Quartziue,  328 
Quurtzite,  327 
Quarz,  324 

Quecksilber,  Gediegeu,  279 
Queckailberbnindcrz,  544 
Quccksilberbornerz,  317 
Queustedtile,  535 
QuL'tenite,  538 
Quicksilver,  279 

Radelerz.  310 
R»iiQioudite,  536 
liftlstoiiite.  323 
Riimirite,  505 
Ramnielsbergite,  304 
Ranitc,  463 
Rasplle,  541 


Ratbite.  309 

Raucbquarz,       o.       Smoky 

Quartz.  826 
Raumite,  408 
Realgar,  282 
Red  antimony,  v.  Kermesite 

cbalk,  335 

copper  ore.  881 

hematite,  384 

iron  ore,  835 

lead  ore  529 

ocber,  835 

silver  ore,  311 

zinc  ore,  882 
Reddingite,  508 
Reddle.  835 
Redingtonite,  587 
Redrutbite,  290 
Reinite,  542 
Reissite,  454 
Remingtonite,  867 
Rensselaerite,  479 
Resin.  Mineral,  548 

Uigbgate, 
RetinalTte,  477 
Retinite,  548 
Retzbanyite,  807 
Retzian,  507 
Rezbanyite.  807 
Rbabdopbane,  509 
Rbabdopbanitc,  509 
Rbffitizite,  484 
Rbaffite,  515 
Rhodalose,  v.  Bieberite 
Rbodizile,  519 
Rbodocbrome,  474 
Rbodocbrosite,  359 
Rbodolile,  416 
Rbodonite,  395 
Rbodopbylliie.  474 
Rbodotiliie,  452 
Hbyacolite,  372 
Ribnud  jasper,  327 
Ricbellite,  514 
Ricbterite,  401 
Uiebeckite.  404 
Rinkite.  487 
Kipidolite.  473.  475 
Riltingerite,  312 
Rock  crystal.  325 

meal,  356 

milk,  356 

salt.  318 
Roeblingite,  408 
Roeiiierite,  536 
Roepperite,  422 
Romanzovite.  418 
Romeite,  Romeine,  516 
KOmerite,  586 
Roscoelite,  470 
Rose  quartz,  326 
Roselite,  507 
Rosen buscbite,  395 
Rosite,  466 


Rotbbleierz,  529 
Rotheisenerz,  Rotheisensteiii* 

885 
RothgUUigerz,  811 
Rotbkupfererz,  818 
Rotbnickelkies,  295 
Rotbofflte,  417 
Rothspiessglanzerz,  805 
Rothzinkerz,  882 
Rowlandite,  487 
Rubellite,  448 
Rubicelle.  888 
Rubin,  888 
Ruby.  Almandioe,  888 

Balas,  388 

Oriental,  383 

Spinel,  388 
Ruby  blende,  291 
Ruby  copper,  818 
Ruby  silver,  811 
Ruby  spinel,  888 
Ruby  zinc,  291 
Ruin  marble,  896 
Rumanite,  548 
Rumpfite,  476 
Ruthenium  sulphide,  802 
Rutile,  845 


B 


Bafflorite,  304 
Sagenite,  826,  845 
Sahlite,  389 
Sal  Ammoniac,  819 
Salite,  389 
Salmiak.  319 
Sal  mile.  472 
Salt,  Rock,  318 
Saltpeter,  v.  Niter 
Salvftdorite.  534 
Samarskite,  492 
Sainmetbleude,  349 
Sand berge rite,  313 
Sangniuitc.  312 
Sanidine.  372 
Saphir  d'eau.  408 
Sapooiie,  480 
Sapphire,  333 
Sappbirine,  451 
Sarcolite,  426 
Sard.  326 
Sardonyx,  327 
Sarkinite,  502 
Sartorite,  308 
Sassolite,  Sassoliu,  852 
Satin  spar,  355,  582 
SaualpKe,  438 
Sausstirite.  438 
Scaccbile.  321 
Scapolite.  Common,  425 
ScAPOLiTE  Group,  424 
Scbalenblende,  291 
Scbapbacbite,  309 
Scbaumerde,  355 
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Scbaumspatb,  355 
Scbeelbleispath,  v,  Stolzite 
Scbeelite,  540 
Scbeelsputh,  v.  Scbeelite 
Scbeererite,  548 
Scbeflerite.  889 
8cbil]er-8par,     ScbillerspaUi, 

886 
Scbirmerite,  808 
8cbbiugeoa1aba8ter,  528 
Scbmireel,  838 
Scboeiderite,  457 
Scboenite,  585 
ScbOnite,  535 
Scborlomite.  419 
Scborza,  439 
Bcbreiberaite.  281 
Schrifterz,  Scbrifttellur,  804 
ScbrOtterite,  488 
ScbuQ^ite,  :.'78 
Bcbuppeuslein.  467 
Scbwartzembergite,  822 
Scbwatzite.  318 
Scbwefel  v.  Sulpbur,  278 
Scbwefelkies.  800 
Schwefelquecksilber,  298 
Scbwerbleierz  v.  Plattuerite 
Scbwerspatb,  524 
Scleroclnse,  308 
Soolecite.  Scolezite,  462 
Scorodite,  5U9 
Scorza.  489 
Scoviilite.  509 
Seebacbite,  458 
Srlbnides,  288,  289 
SeleDite.  532 
Sblenitbb,  538 
Selenium,  271 
Selenquecksilber.  292 
Selensulphur,  274 
Selenwismutbglanz,  284 
Bellaite.  321 
Semeline,  486 
Semi^pal,  329 
Semseyile,  309 
Senarmontite,  330 
Sepiolite,  480 
Sericite.  465 
8er|)eniine,  476 
Serpierite,  536 
Seybertlle,  471 
Sbepardite.  382 
Sbell  marble.  356 
Siberite,  448 
Siderite,  359 
SideroDatrite,  587 
Sideropbyllite.  468 
Siegenite.  297 
Silber,  v.  Silver.  278 
Silberamalgam.  279 
Silberglanz,  288 
Silberbornerz.  319 
Silex.  Silica  324 
Silicates.  368 


Siliceous  siuter.  329 
Silicifled  wood,  827 
SilicoD  oxide.  824,  828,  829 
Sillimanite.  438 
Silver,  Native,  278 
Silver  antimooide,  286 

arsenide.  286 

bismutbide,  286 

bromide,  319 

cblorides,  819 

iodide.  319 

selenide.  288 

Bulphantimonite8.808, 811 

sulpbarseuite,  811 

■ulpbide,  288,  290 

sulpbo-bismutbite,  808 

Bulpho-germanate,  816 

telluride,  286,  289,  805 
Silver  glance.  288 
Simetite,  548 
Simonyite.  585 
Sinter.  Siliceous,  829 
Sipylite,  490 
Siserskite.  280 

Sismondine,  Sismondite,  472 
Sisaerskite,  280 
Skapolitb,  425 
Skleroklas,  308 
SkogbOlite,  492 
Skutterudite,  802 
Smaltite,  Smaltiue,  801 
Smaragd.  v.  Emerald 
Smaragdite.  401 
Smectite,  482 
Smegmatite.  482 
Smirgel.  388 
Smitbsonite,  360 ;  446 
Smoky  quartz,  826 
Soapstone,  479 
Soda  alum,  535 
Soda  microcline,  378 
Soda  niter,  517, 
Soda  orthoclase,  372 
Sodalite,  412 
Sodium  borate.  520 

carbonate.  366,  867 

cbloride.  818 

fluoride.  321,  eU. 

nitrate.  417 

pbospbate.  496,  ete. 

silicate.  412.  460.  461 

sulpbate.  523 ;  bydrous, 
531,  etc, 
Sonnenstein.  v,  Sunstone,  878 
Spadaite.  480 
SpangoHte,  580 
Spargel  stein,    v.    Asparagus 

stone 
Spathic  iron.  359 
Spatbeiseusteiu,  v,  Siderite 
Spear  pyrites.  808 
Speckstein.  479 
Specular  iron.  385 
Speerkies,  303 


Speiskobalt,  801 
Spessartine,  Spessartite,  417 
Spenylite,  802 
SphflBrite,  518 
Spbcerocobaltite,  861 
Sphalerite,  291 
Sphene,  485 

Spiauterite.  v.  Wurtzite,  295 
Spinel,  888 
Spinel  ruby,  388 
Spinthdre.  486 
Spodiosite,  502 
Spodumene,  898 
Spreustein,  461 
SprOdglanzerz,  314 
SprOdglaserz,  814 
SprOdglimmer,  470 
Sprudelstein,  361 
Staffelite,  499 
Stalactite,  856 
Stalagmite,  356 
Stannlte.  Stannine,  815 
Stassfurtite,  519 
Star-quartz.  826 

sapphire,  338 
Staurolite,  450 
Staurotide.  450 
Steatite,  479 
Steenstrupine.  407 
Stein  beilite,  408 
Steinkoble,  546 
Stein  man  nite,  288 
Stein  mark,  v.Lithomarge,  481 
Steinni.  544 
Steinsalz,  318 
Stephanie,  814 
Stercorite.  510 
Sternbergite.  290 
Stibiconite,  380 
I  Stibnite,  283 
Stilbite,  456;  454 
Stilpnomelane,  476 
Stolpenite.  482 
Stolzite,  541 

Strablerz,  v.  Clinoclaslte 
Stiahlkies,  303 
Strahlstein,  400 
Stratopeite,  396 
Stream  tin.  844 
Strengite.  510 
Strigovite,  476 
Stromeyerite,  290 
Strontiauite,  362 
Strontianocalcite,  856 
Strontium  carbonate,  862 

silicate,  454 

sulphate,  526 
Struvite,  507 
StQtzite.  286 
Slylotypite.  310 
Succinic  acid,  548 
Succinite.  543;  416 
Sulfoborite.  521 

SULPHANTIMONA^BS,  815     * 


Tftfeltpatb,  894 
TagiKte*  511 
Talc,  479 
Talkdienerz,  840 
Talktdplite.  502 
Tallioglte.  328 
Tallow,  Mineral,  548 
Tahtalates,  489 
Taatalite,  490 
Tnpalpit«,  810 
Tapiolit«,  492 
Tarnowitzite,  801 
Taamauite,  544 
Tavittockite.  506 
Taylorite.  523 
Telliir.  275 
Tbllurateb.  588 
TellurbUmutb.  284 
Tellurblei,  v.  Altaite.  288 
Telluric  wtsmuth,  284 
Tellcuideb,  288  et  $eg. 
Tellurite.  380 
Tellurites.  588 
Tellurium,  275 
Tellurium  oxide,  880 
Tellurnickel,  297 
Tellursilber,  v.  Hetaite,  289 
Tellurwismutb,  284 
Tengerite,  867 
Teooantite,  818 


Tito  on;,  m 
TfUteiodfii^  iB8 
Tfai,HMff«;  W§ 

Thi  ow;,  H>  HoMl 
TtofmitM,  811 

Tfocml,  520 
Tinkal,  520 
TIrollte.  511 

TiTAHATES,  485 

TitaneiaeD,  386 

Titaoic  iron  ore,  386 

Titaoite,  485 

TitaDium  oxide,  345,  846, 847 

Titaoomorpbite,  486 

Topaz,  431 

False,  826 

Oriental,  338 
Topazolite,  417 
Tortianite,  546 
Torbernite,  515 
Toucbstone.  327 
Tourmaline,  447 
Traversellite.  389 
Travertine,  356 
Tremolite,  400 
Tricbalcite,  508 
Tridymite,  328 
Trimerite,  424 
Tripbane.  393 
Triphyline,  496 
Tripbylite.  496 
Triplite.  502 
Triploidite.  502 
Tripolite,  329 
Trippkeite,  516 


Utositi^ 
UltoiaBiiitei,  m 

UMMftiwiBi 

.UnmiH;  Ui 
Ui«llle,4Ql 

UKAJIATM,8n 

Uraninite,  821 

Uranite,  515 

Uranium  arsenate,  515 
carbonates,  867 
niobatea.  492.  498 
phosptuUes.  515 
silicates,  483 
sulphate,  SSS 

Uranmica,  515 

Uranocircite,  515 

Uranoniobite,  521 

Uranopbane,  488 

Uranopilite,  538 

Uranospbasrite.  528 

Uranospinite,  515 

Uranotballite,  867 

Uranotil.  483 

Uranpecberz.  521 

Urao,  367 

Urbanite,  889 

Urpetbite,  548 

Urusite,  587 

Utabite.  586 

Uvarovite.  Uwarowit*  417 


Vaalite,  476 
Valencianite,  372 
Valeutinite,  380 


^> 
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Vauadiubleierz, «.  Vanadlnlte 

Vanndinite,  5U0 

Vanadium  silicate,  470 

Variegated  copper  ore,  297 

Variscite,  510 

VaiiqueliDite,  529 

Velvet  copper  ore,  t.  Lett- 
somite 

Venus-bairstone,  345 

Verd-aulique,  477 

Veumiculites,  476 

Vermilion,  v.  Cinnabar 

Vesuvianite,  427 

Vcszelyite,  511 

Viluite.  428 

Violan.  389 

Vitreous  copper,  v.  Cbalcocile 
silver,  v.  Argentite 

Vitriol,  Blue,  fie. 

Vitriol bleierz.  527 

Viviauite,  508 

Vogliaiiite,  538 

Vogliie.  367 

Volborthile,  511 

Voltiiite,  537 

Voltziie,  Voltzine,  305 

Vulpluite,  528 

W 

Wad,  352 
WaLrnerite,  502 
Walkc'rile.  395 
AValpurgite,  515 
Waluewlte,  471 
Wapplerite,  510 
Wardite,  512 
Waringtonite,  530 
Warren  ite,  308 
Warrinptonite,  530 
AVarwickite,  519 
Washingtouite,  387 
Wassersapphir,  v.  lolite 
Wavellite,  512 
Webnerite,  308 
Websterite,  537 
Webrlite,  285 
Weissbleier/,  363 
Weissgniiigerz,  318 
Wellsite.  455 
Werncritc,  425 
Wbeel  ore,  310 
Wbewellile,  542 
White  antimony,  380 


White  arsenic.  830 
garnet,  v.  Leucite 
iron  pyrites,  802 
lead  ore,  368 
Wbitiieyite,  286 
Willemite,  422 
Willyamite.  302 
Wilsonite.  466 
Wlluite,  428 
Wiserine,  347 
Wismuth,  V.  Bismuth 
Wismuthautimonnickel- 

glanz.  302 
Wismuthblende,  414 
Wismuthglanz,  284 
Wismuibspath,  867 
Withamite,  439 
Withciite,  862 
Wiitichenite.  310 
Wocheinite,  851 
W6blerite.  895 
Wolfachite,  804 
Wolfram.  539 
Wolframite.  589 
Wolfsbergite,  808 
WoUastouite,  394 
Wolnyu,  525 

Wootf,  Fossil,  Petrified,  827 
Wood  copper.  504 
Wood  opai,  829 
Wood  till,  844 
WOrtbite,  434 
Wulfeuite,  541 
Wttrfelerz,  v.  Pharmacosider- 

ite 
Wurtzite,  295 


Xantharsenlte,  505 
Xanthoconite,  815 
Xanthophyllite,  471 
Xanthosiderlte,  850 
Xenolitc,  484 
Xenotime,  494 


Yellow  copper  ore,  297 

lead  ore,  541 
Yenite,  445 
Yttergranat,  417 
Ytlrialite,  487 
Yttrium  carbonate,  867 


Yttrium  niobates,  490,  ite. 
phosphates,  494.  509 
silicates,  487 
Yttrocerite,  828 
Yttrocolumbile,  v.  Yttrotan- 

talite.  492 
Yttrogummite,  522 
Yttrotantalite,  492 


Zaratito.  367 
Zkoliteb,  453 
Zephaiovichite,  510 
Zcunerite,  515 
Zeigelcrz.  331 
Zietriflikite,  543 
Zinc,  Native,  275 

Red  Oxide  of.  332 
Zinc  alumlnate.  839 

arsenates,  505,  509 

carbonates,  360 

oxide,  382,  339 

oxysulphide.  805 

phosphate,  507 

silicates,  422,  446,  447 

sulphates.  528,  583 

sulphides.  291,  295 

vanadate,  505 
Zinc  blende,  291 
Zinc  ore.  Red,  882 
Ziucaluminitc,  538 
Zincite,  832 
Zinckenite,  807 
Zincocalcite,  356 
Zinkblende,  291 
Zinkenite,  307 
Zinkosite,  528 
Zinkspnth.  860 
Zinncrz,  844 
Zinnkics.  315 
Zinnober,  298 
Zlnnstein.  844 
Zinnwaldite.  467 
Zippeite,  538 
Zircon,  429 
Zirconium  dioxide,  846 

silicate,  429;  895 
Zirkelite.  846 
Zoisite,  487 
Zorgite,  289 
Zunyite,  414 
Zwieselite,  502 
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De  Pontibus  (a  Pocket-book  for  Bridge  Engineers). 

Itoo,  morocco. 

Wood's  Construction  of  Bridges  and  Roofa. 8to, 

Wright's  I>esigning  of  Draw  Spans.    Parts  L  and  II .  .8to,.  each 

Complete.. .  ^ « JB^ro, 
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CHEMISTRY. 

Qualitative — Quantitative— Organic — Inorganic,  Etc. 

Adriance's  Laboratory  Calculations 12mo,     f  1  25 

Allen's  Tables  for  Iron  Analysis 8vo,  8  00 

Aasten's  Notes  for  Chemical  Students 12n)o,  1  50 

Bolton's  Student's  Guide  in  Quantitative  Analysis 8vo,  1  50 

Classen's  Analysis  by  Electrolysis.  (Herrick  and  Bolt  wood.  ).8vo,  8  00 

Crafts's  Qualitative  Analysis.     (Scbaeffer.) 12mo,  1  50 

Drechsel's  Chemical  Reactions.   (Merrill.) 12mo,  1  25 

Fresenius's  Quantitative  Chemical  Analysis.   (Allen.) 8vo,  6  00 

Qualitative         "             "           (Johnson.) 8vo,  8  00 

(Wells.)        Trans. 

16th  German  Edition 8vo,  5  00 

Fuertes's  Water  and  Public  Health 12mo,  1  50 

Gill's  Gas  and  Fuel  Analysis 12mo,  1  25 

Hammarsten's  Physiological  Chemistry.   (Mandel.) 8vo,  4  00 

Helm's  Principles  of  Mathematical  Chemistry.   (Morgan).  12mo,  1  50 

Eolbe's  Inorganic  Chemistry 12mo,  1  50 

Ladd's  Quantitative  Chemical  Analysis 12mo,  1  00 

Landauer's  Spectrum  Analysis.    (Tingle. ) 8vo,  8  00 

Lob's  Electrolysis  and  Electrosynthesis  of  Organic  Compounds. 

(Lorenz.) 12mo,  1  00 

Mandel's  Bio-chemical  Laboratory 12mo,  1  50 

Mason's  Water-supply 8vo,  5  00 

"      Examination  of  Water.     (In  iJie  press.) 

Miller's  Chemical  Physics 8vo,  2  00 

Mixter's  Elementary  Text-book  of  Chemistry 12mo,  1  50 

Morgan's  The  Theory  of  Solutions  and  its  Results 12mo,  1  00 

Nichols's  Water-supply  (Chemical  and  Sanitary) 8vo,  2  50 

O'Brine's  Laboratory  Guide  to  Chemical  Analysis 8vo,  2  00 

Perkins's  Qualitative  Analysis 12mo,  1  00 

Pinner's  Organic  Chemistry.     (Austen.) 12mo,  1  50 

Poole's  Calorific  Power  of  Fuels 8vo,  8  00 

Ricketts  and  Russell's  Notes  on   Inorganic  Chemistry  (Non- 

metallic) Oblong  8vo,  morocco,  75 

Ruddiman's  Incompatibilities  in  Prescriptions 8vo,  2  00 

Bchimpf's  Volumetric  Analysis 12mo,  2  50 

Spencer's  Sugar  Manufacturer's  Handbook .  16mo,  morocco  flaps,  2  00 

5 


Spencer's  Handbook    for    Chemists    of  Beet    Sugar   Houses. 

16ino,  morocco,  $8  00 

8tockbridge*8  Rocks  aud  Soils 8vo,  2  50 

Van  Deyenter*s  Physical  Chemistry  for  Beginners.    (Boltwood. ) 

13mo, 

Wells's  Inorganic  Qualitative  Analysis 12mo,  1  50 

**     Laboratory  Guide  in  Qualitative  Chemical  Analysis. 

8vo,  1  50 

Whipple's  Microscopy  of  Drinking-water 6vo, 

Wiechmann's  Chemical  Lecture  Notes 12mo,  8  00 

Sugar  Analysis Small  8vo.  2  50 

WuUing's  Inorganic  Phar.  and  Med.  Chemistry 12mo,  2  00 

DRAWING. 

Elementart — Geometrical— Mechanical — Topographical. 

Hill's  Shades  and  Shadows  and  Perspective 8vo,  2  00 

MacCord's  Descriptive  Geometry 8vo,  8  00 

Kinematics 8vo,  5  00 

Mechanical  Drawing 8vo,  4  00 

Mahan's  Industrial  Drawing.    (Thompson.) 2  vols.,  8vo,  3  50 

Reed's  Topographical  Drawing.     (H.  A.) 4to,  6  00 

Reid's  A  Course  in  Mechanical  Drawing 8vo.  2  00 

'*      Mechanical  Drawing  aud  Elementary  Machine  Design. 

8vo.    {In  (he  press. ) 

Smitli's  Topogrupliiail  Drawing.     (Macmillan.) 8vo,  2  50 

Warren's  Descriptive  Geometry 2  vols.,  8vo,  3  50 

Drafting  Instruments 12mo,  1  25 

Free-hand  Drawing 12ino,  1  GO 

Linear  Perspective 12nio,  1  00 

Machine  Construction 2  vols.,  8vo,  7  50 

Plane  Problems 12nio,  1  25 

Primary  Geometry 12mo,  75 

Problems  and  Theorems 8vo,  2  50 

Projection  Drawing 12mo,  1  50 

Shades  and  Shadows 8vo.  3  00 

Slereotomy— S:oue-cutting 8vo,  2  50 

Whelpley's  Letter  Engraving 12uio,  2  00 
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ELECTRICITY  AND  MAGNETISM. 

Illumination— Batteries— Physics. 

Anthony  and  Brackett's  Text- book  of  Physics.    (Magie.).  .8vo,  $8  00 

Anthony's  Tlieory  of  Electrical  Measurements 12mo,  1  00 

Barker's  Deep-sea  Soundings 8vo,  2  00 

Benjamin's  Voltaic  Cell 8vo,  8  00 

History  of  Electricity 8vo  8  00 

Cosmic  Law  of  Thermal  Repulsion 12mo,  75 

Crehore  and  Squier's  Experiments  with  a  New  Polarizing  Photo- 
Chronograph 8to,  8  00 

*  Dredge's  Electric  Illuminations 2  vols.,  4to,  half  morocco,  25  00 

Vol.11 4to,  7  50 

Gilbert's  De  maguele.    (Mottelay.) 8vo,  2  50 

Holmau's  Precision  of  Measurements 8to,  2  00 

**        Telescope-mirror-scale  Method Large  8vo,        75 

Michie's  Wave  Motion  Relating  to  Sound  and  Light, 8yo,  4  00 

Morgan's  The  Theory  of  Solutions  and  its  Results 12mo,  1  00 

Niaudct's  Electric  Batteries.    (Fishback. ) 12mo,  2  50 

Pratt  and  Alden's  Street-milway  Road-beds 8vo,  2  00 

Reagan's  Steam  and  Electric  Locomotiyes 12mo,  2  00 

Thurston's  Stationary  Steam  Engines  for  Electric  Lighting  Pur- 
poses  12mo, 

Tillman's  Heat 8vo.  1  50 

ENQINEERINQ. 

Civil — Mechanical— Sanitary,  Etc. 

{See  also  Bridges,  p.  4;  Hydraulics,  p.  9;  Materials  of  En- 
oiN BERING,  p.  10 ;  Mechanics  and  Machinery,  p.  12  ;  Steam 
Engines  and  Boilers,  p.  14.) 

Haker's  Masonry  Construction 8vo,  5  00 

*'       Surve^'ing  Instruments 12mo,  8  00 

Black's  U.  S.  Public  Works Oblong  4to.  5  00 

Brooks's  Street-railway  Location 16mo,  morocco,  1  50 

Byrne's  Highway  Construction 8vo,  5  00 

"       Inspection  of  Materials  and  Workmanship 16mo,  8  00 

Carpenter's  Experimental  Engineering 8vo,  6  00 
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"      Notes  and  Snunples  In  Med^aafoB •«• .8fOb  8  00 

Orandairi  BarOi^dft  iteftii-'^i.VA .  JV. . . .: : i'.. ;  J 1. . .  .Svo.  1  00 

♦J[>Mdg^'^^n,  Railr<M4  fioJlfMiPa^^  I9te,i  v  JBf llQ.  WIwor.  .t4W)  00 

fiPrink^^l\miidUi^        . . . . , . .;. ....... .. ,^^Jm*^ Mimmm^  MM 

i^ader'a  |^toit]m---Kitrogl7oe^        I>yi»i9tt»^.^MUi0vQi:.H.4!0O 

Folwell'§.,£|ewenige.. . . . .. ......... . . ..^^4 tM^^^^-v. -^.^...^IBto,  8  00 

|*ewler'a<p|9||er-aam  Proeeit  f(^ FimmM*mpM.km*>^^»'''U  u^Omi;  S^^ 

Qodwin'^9«ili!M4  Bagineor'a  FI«{d-l)oak,^ . . ,  4to^Tm»RiQ00r  >  0  00 
Qorii^  Bkim^m/if  :lShM4fqr>.i.«y  o...  •  «^«<«f4iii«iti>i>ui  .--•fru .» «kO«c^  -. '  ^  0  ^iO 

Howard'^  Tnuif^t^l^  Carve  FleVt-lioc^E: Itao,  morocco  flap,  i  00 

Biow«*8  9|i4t)|ininjp  Walls  (Kew,E4ia<ytt^^«'^HVMv.y#«NLrNltaOr  tW 

HndscmVllxcaTalkin  Tables.    JpU)[Lii^ii»«M)ol^.W*M.U«iOfo,  :l:00i 

BnttonV Mc^^foal Mgjin^dif^MiF^mBi WmH^^i^vh^'^Bfo,  0  00 

{oh«iB(m> ^]iater^ls,f^^.QfNl•|plQ|^      ^>n^>*^j. ir»^»IiSi|fe?t«R|,  .'^  it 

!||l0ei7  and  Practiof  fftfnp^^ 

Kent's  Mi^^MMdc9l%$^ii/^^  O.OOi 

Kalian's  Qt^ljBngto^ify^i§».r :<(WQQ4t)f?i4>i*  «i^ji«vi*  •#  •^.tjw.i.u: J*o,t . « 41  00 

Merriman  and  Brook's  Handbook  for  Surveyors. . .  .16mo,  mor.,  2  00 

Merrimau's  Geodetic  Surveying , 8vo,  2  00 

Retaiuing  Walls  and  Masonry  Dams 8vo,  2  00 

Sanitary  Engineering 8vo,  2  00 

Nagle's  Manual  for  Railroad  Engineers 16mo,  morocco,  8  00 

Patton's  Civil  Engineering 8vo,  7  50 

Foundations 8vo,  5  00 

Pratt  and  Alden's  Street-railway  Road-beds 8vo,  2  00 

Rockweirs  Roads  and  Pavements  in  France 12mo,  1  25 

Ruffner's  Non-tidal  Rivers 8vo,  1  25 

Searles's  Field  Engineering 16mo,  morocco  flaps,  3  00 

"       Railroad  Spiral 16mo,  morocco  flaps.  1  50 

Siebert  and  Biggin's  Modern  Stone  Cutting  and  Masonry. .  .8vo,  1  50 

Smart's  Engineering  Laboratory  Practice.. 12mo,  2  50 

Smith's  Wire  Manufacture  and  Uses Small  4to,  8  00 

Spalding's  Roads  and  Pavements. ....  12mo,  2  00 
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Spalding's  Hydraulic  Cement 12mo. 

Taylor's  Prismoidal  Formulas  and  Earthwork 8vo, 

Thurston's  Materials  of  Construction 8vo, 

*  Trautwine's  Civil  Engineer's  Pocket-book.  ..16mo,  mor.  flaps, 

*  '*  Cross-section Sheet, 

*  "  Excavations  and  Embankments 8vo, 

*  "  Laying  Out  Curves 12mo,  morocco, 

Waddell's  De  Pontibus  (A  Pocket-book  for  Bridge  Engineers). 

16mo,  morocco. 

Wait's  Engineering  and  Architectural  Jurisprudence 8vo, 

Sheep, 

"     Law  of  Field  Operation  in  Enghieering,  etc 8vo. 

Warren's  Stereotomy— Stone-cutting Svo, 

Webb's  Engineering  Instruments 16mo,  morocco, 

Wegmann's  Construction  of  Masonry  Dams 4to, 

Wellington's  Location  of  Railways 8vo, 

Wheeler's  Civil  Engineering 8vo, 

Wolff's  Windmill  as  a  Prime  Mover 8vo,      8  00 


HYDRAULICS. 

Water-wheels — Windmills — Service  Pipe — Drainage,  Etc. 

{See  also  Enoinbekino,  p.  7.) 

Bazin's  Experiments  upon  the  Contraction  of  theLiquid  Vein. 

(Trautwine.) 8vo,  2  00 

Bovey's  Treatise  on  Hydraulics 8vo,  4  00 

Cotlin's  Graphical  Solution  of  Hydraulic  Problems 12mo.  2  50 

Ferrcl's  Treatise  on  the  Winds,  Cyclones,  and  Tornadoes. .  .8vo,  4  00 

Fuertes's  Water  and  Public  Health 12mo,  1  50 

Ganguillet  &  Eutter's  Flow  of  Water.     (Herlng  &  Trautwine.) 

8vo,  4  00 

Hnzeu's  Filtration  of  Public  Water  Supply 8vo,  2  00 

Hcrschel's  115  Experiments 8vo,  2  00 

Kiersted's  Sewage  Disposal 12mo,  1  25 

Mjisou's  Water  Supply 8vo,  5  00 

Merrimau's  Treatise  on  Hydraulics 8vo,  4  00 

Nichols's  Water  Supply  (Chemical  nud  Sanitary) 8vo,  2  50 

Ruffner's  Improvement  for  Non-tidal  Rivers 8vo,  1  25 

Wegmann's  Water  Supply  of  the  City  of  New  York 4to,  10  00 

Weisbach's  Hydraulics.     (Du  Bois.) 8vo,  5  00 

Wilson's  Irrigation  Engineeiiug 8vo,  4  00 

**       Hydraulic  and  Placer  Mining 12mo,  2  00 

Wolff's  Windmill  as  a  Prime  Mover 8vo,  3  00 

Wood's  Theory  of  Turbines 8vo.  2  50 
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MANUFACTURES. 

Boilers— ExPLOMVBs— Iron— Sugar— Watches  —Woollens,  Etc. 

Alleu's  Tables  for  Iron  Analysis 8to,  |8  00 

Beaumont's  Woollen  and  Worsted  Manufacture. 12mo,  1  50 

Bolland's  Encyclopedia  of  Founding  Terms 12mo.  8  00 

Tbelron  Pounder 12mo.  2  50 

"         *'       "         "       Supplement 12mo,  2  50 

Bouvier's  Handbook  on  Oil  Painting 12mo,  2  00 

Eissler's  Explosives,  Nitroglycerine  and  Dynamite Sto,  .  4  00 

Ford's  Boiler  Makiug  for  Boiler  Makers 18mo,  1  00 

Metcalfe's  Cost  of  Manufactures Svo,  5  00 

Metcalf 's  Steel— A  Manual  for  Steel  Users 12mo,  2  00 

♦  Reisig's  Ghiide  to  Piece  Dyeing 8vo,  25  00 

Spencer's  Sugar  Manufacturer's  Handbook. . .  .16mo,  mor.  flap,  2  00 
"        Handbook    for   Cbemists   of    Beet    Sugar   Houses. 

16mo,  mor.  flap,  8  00 

Thurston's  Manual  of  Steam  Boilers 8vo,  6  00 

Walke's  Lectures  on  Explosives 8yo,  4  00 

West's  American  Foundry  Practice 12mo,  2  50 

*•      Moulder's  Textbook  12mo,  2  50 

Wiechmaun's  Sugar  Analysis. Small  8vo,  2  50 

Woodbury's  Fire  Protection  of  Mills 8vo,  2  60 


MATERIALS  OF  ENQINEERINQ. 

Strength — Elasticity— Resistance,  Etc. 
{See  also  Enoineerino,  p.  7.) 

Baker's  Masonry  Construction 8vo, 

Beanlslee  and  Kent's  Strength  of  Wrought  Iron 8vo, 

Bovev's  Strenc:th  of  Materials 8vo, 

Burr's  Elasticity  and  Resistance  of  Materials Svo, 

Byrne's  Highway  Construction Svo, 

Church's  Mechanics  of  Engineering — Solids  and  Fluids Svo, 

Du  Bois's  Stresses  in  Framed  Structures Small  4lo, 

Jolinson's  Materials  of  Construction Svo, 

Lanza's  Applied  Mechanics Svo, 

Martens's  Materials.     (Henning.) Svo.     (lu  the  press.) 

Merrill's  Stones  for  Building  and  Decoration Svo, 

Merrimau's  Mechanics  of  Materials  Svo, 

Strength  of  Materials 12nio, 

Patton's  Treatise  on  Foundations Svo, 

Rockwell's  Roads  and  Pavements  in  Fmnce 12mo, 

Spalding's  Roads  and  Pavements 12mo, 
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Thurston's  Mftterials  of  Ck>D8tructioD Svo,  $5  00 

Materials  of  EDgiueering 8  vols..  8to,  8  00 

Vol.  I,  Non-metallic 8vo,  2  00 

Vol.  n.,  IronandSteel 8vo,  8  50 

Vol.  III.,  Alloys.  Brasses,  and  Bronzes 8vo,  2  60 

Wood's  Refdstance  of  Materials 8vo,  2  00 

MATHEMATICS. 

CaLCULUB—GeOMSTBT— TfilGONOMBTRT,  ET€. 

Baker's  Elliptic  Functions 8vo,  1  50 

Ballard's  Pyramid  Problem 8vo,  1  50 

Barnard's  Pyramid  Problem 8yo,  1  50 

Bass's  Differential  Calculus 12mo,  4  00 

Briggs's  Plane  Analytical  Geometry 12mo,  1  00 

Chapman's  Theory  of  Equations 12mo,  1  50 

Compton's  Logarithmic  Computations '. 12mo,  1  50 

Davis's  Introduction  to  the  Logic  of  Algebra 8vo,  1  60 

Halsted's  Elements  of  Geometry 8yo,  1  75 

Synthetic  Geometry 8vo,  1  50 

Johnson's  Curve  Tracing 12mo,  1  00 

"        Differential  Equations — Ordinary  and  Partial. 

Small  8vo,  8  50 

Integral  Calculus 12mo,  1  50 

"         Unabridged.    12mo.    {In  the  press,) 

"       Least  Squares 12mo.  160 

Ludlow's  Logarithmic  and  Other  Tables.    (Bass.) 8vo,  2  00 

Tiigonometry  with  Tables.    (Bass. ) 8vo,  8  00 

Mabnn's  Descriptive  Geometry  (Stone  Cutting) 8vo,  1  50 

Merrimaii  and  Woodward's  Higher  Mathematics 8vo,  6  00 

Merrimau's  Method  of  Least  Squares 8vo,  2  00 

Parker's  Quadrature  of  the  Circle 8vo,  2  60 

Rice  and  Johnson's  Differential  and  Integral  Calculus. 

2  vols,  inl,  12mo,  2  60 

Differential  Calculus Small  8vo,  8  00 

Abridgment  of  Differential  Calculus. 

Small  8vo,  1  50 

Totten's  Metrology 8vo,  2  50 

Warren's  Descriptive  Geometry 2  vols.,  8vo,  8  50 

Drafting  Instruments 12mo»  1  25 

Free-hand  Drawing 12mo,  1  00 

Higher  Linear  Perspective 8vo,  8  60 

Linear  Perspective 12mo,  1  00 

Primary  Geometry .12mo,  75 

Plane  Problems .•..12mo.  1  25 
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""  "  "   MBCHANK^JiACH^f^.' 
Tkct-sc 

Baldwin's  S^e&m  Hekling  for  Building ISmo.  9  50 

BtDjniniD'i  Wriuklu  and  Recipes tStoo,  S  00 

Clionlal')  Letters  to  Sleclianics ISmo.  4  00 

Church's  Meciunica  of  Engineering ^o,  6  00 

"        Notes  and  Eikmples  iu  HecbsaSca 8to,  S  M 

Crehore's  Mccbaofcs  of  llie  GIrtcr. ftro,  6  00 

Cromnell's  Belts  nad  Pulleys ISmo.  )  BO 

Tvotlied  Gearing Ifimo.  1  SO 

Cotnplon't  First  Lessons  in  Metat  Working 12mo.  1  SO 

Complonand  De  Groodt's  Speed  Lathe ISino.  1  M 

Dsdd's  Elemoiilary  Mechanics 13<no,  I  00 

Dingej-'j  Muchinerjr  Pattern  Making I^nio,  9  00 

Dreilge's     Trans.     Eihlbiu     Bui  li  ling,      Worhl     ElposiUon. 

4io.  bair  morocco,  10  00 

^Bob-fMM^aaiea.    Vid.  L,  KhMa«lta  ._.,,.. Ski,  *» 

Flticgenld'i&tMtODlUchtDfa* Idmo,  1  00 

Platber's  DyiiainometeiB I2ino,  3  00 

Rope  Driring I2ino,  2  00 

Hnll's  Cu-  Lubrication I2ino,  1  00 

Holly's  Saw  Filing 1  6dio,  TO 

Johnson's  Theoretical  Hecbaatca.     An  ElemeDtary  Treatise. 
{In  tht  prett.) 

Jones's  Machine  Design.    Pari  I.,  Kinemalica. 6vo,  1  50 

"  "  "  Fart  II.,  Strength  and  Proportion  of 

Huchine  Parts 8vo, 

Lanza's  Applied  Mechanics 8va,  7  SO 

MacCord'a  Eiaematlcs 8vo,  6  00 

Merrimaii's  Hechanica  of  .Materials 8to,  4  00 

Metcalfe's  Cost  of  Hanufactures. 8vo,  5  00 

Micbie's  Analytical  Hechauics Bto,  4  00 

lUchards's  Compressed  Air 12mo,  1  SO 

Robinson's  Principles  of  HecbaDlem ...  8to,  3  00 

Smllli's  Press-worklug  of  Metals 8to,  8  00 

Thurston's  Friction  and  Lost  Work 8to,  8  00 
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Thurston's  The  ADimal  as  a  Machine 13mo,  $1  00 

Warren's  Machine  Constmction 2  vols.,  8vo,  7  60 

Weisbach's  Hydraulics  and  Hydraulic  Motors.    (Du  Boi8.)..Svo,  5  00 
Mechanics   of  Engineering.      Vol.   III.,   Part  I., 

Sec.  I.    (Klein.) 8vo,  6  00 

Weisbach's  Mechanics    of  Engineering.    Vol.  III.,   Part  I., 

8ec.II.    (Klein.) 8vo,  6  00 

Weisbach's  Steam  Engines.    (Du  Bois.) Svo,  5  00 

Wood's  Analytical  Mechanics 8vo,  8  00 

Elementary  Mechanics 12mo,  1  25 

Supplement  and  Key 12mo,  1  25 


(<  It  II 


METALLURGY. 

Iron— Gold— Silver — Alloys,  Etc. 

Allen's  Tables  for  Iron  Analysis 8vo,  8  00 

Egleston's  Gold  and  Mercury Large  8yo,  7  50 

"         Metallurgy  of  Silver Large  8vo,  7  50 

•  Kerl's  Metallurgy— Copper  and  Iron 8vo,  15  00 

♦  •'           '•               Steel,  Fuel,  etc 8vo,  15  00 

Kuubardt's  Ore  Dressing  in  Europe 8vo,  1  50 

Metcalf's  Steel— A  Manual  for  Steel  Users 12mo,  2  00 

O'Driscoll's  Treatment  of  Gold  Oi-es 8vo,  2  00 

Thurston's  Iron  and  Steel 8vo,  8  50 

Alloys 8vo,  2  50 

Wilson's  Cyanide  Processes 12mo,  1  60 

MINERALOGY  AND  MINING. 

Mine  Accidentb — Ventilation— Orb  Dressing,  Etc. 

Barringer's  Minerals  of  Commercial  Value. .  ..Oblong  morocco,  2  50 

Beard's  Ventilation  of  Mbies 12mo,  2  50 

Boyd's  Resources  of  South  Western  Virginia 8vo,  8  00 

*'      Map  of  South  Western  Virginia Pocket-book  form,  2  00 

Brush  and  Penfield's  Determinative  Mineralogy.  New  Ed.  8vo,  4  00 

Chester's  Catalogue  of  Minerals 8vo,  1  25 

Paper,  50 

Dicti<Miary  of  the  Names  of  Minerals 8vo,  8  00 

Dana's  American  Localities  of  Mhierals • 8vo,  1  00 

Descriptive  Mineralogy.    (E.  S.). . . .  .8vo,  half  morocco,  12  50 

Mineralogy  and  Petrography    (J.D. ) 12mo.  2  00 

Minerals  and  How  to  Study  Them.    (£.  S.). 12mo,  1  50 

Text-book  iof  Mineralogy.    (E.  S.)..  .New  Edition.    8vo,  4  00 

*  Drinker's  Tunnelling,  Expkwives,  Compounds,  and  Book  Drills. 

4to,  half  morocco,  25  00 
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EglestOQ*8  Catalogue  of  Minerals  and  Synonyiiu Syo,  $2  50 

Eissler's  Exploflives— Nitroglycerine  and  Dynamite 8to»  4  00 

Hussak's  Rock  forming  Minerals.    (Smith.) Small  8vo,  2  00 

Ihlseng's  Manual  of  Mining 8vo,  4  00 

Kunhnrdt's  Ore  Dressing  in  Europe 8vo^  1  60 

O'Driscoirs  Treatment  of  Gold  Ores 8vo,  3  00 

»  Penfield*8  Record  of  Mineral  Tests Paper,  8vo,  50 

Rosenbusch's    Microscopical    Physiography  of   Minerals    and 

Rocks.     (Iddings.) 8vo,  5  00 

Sawyer's  Accidents  in  Mines Large  8vo,  7  00 

Stockbridge's  Rocks  and  Soils 8vo,  2  50 

Walke's  Lectures  on  Explosives 8vo,  4  00 

Williams's  Llthology 8vo,  8  00 

Wilson's  Mine  yendlatiou 16mo,  1  25 

Hydraulic  and  Placer  Mining 12mo,  2  50 

STEAM  AND  ELECTRICAL  ENGINES,  BOILERS,  Etc* 

Stationaky— Marine— Locomotive — Gab  Engines,  Etc. 

(See  also  Engineebing,  p.  7.) 

Baldwin's  Steam  Heating  for  Buildings 12mo,  2  50 

Clerk  s  Gas  Engine Small  8vo,  4  00 

Ford's  Boiler  Making  for  Boiler  Makers 18mo,  1  00 

Hemenway's  Indicator  Practice 12mo,  2  00 

Hoadley's  Warm-blast  Furnace 8vo,  1  50 

Enenss's  Practice  and  Theory  of  the  Injector 8vo,  1  50 

MacCord's  Slide  Valve 8vo,  2  00 

Meyer's  Modern  Locomotive  Construction 4to,  10  00 

Peabody  and  Miller's  Steam-boilers 8vo,  4  00 

Peabody's  Tables  of  Saturated  Steam 8vo,  1  00 

Thermodynamics  of  the  Steam  Engine 8vo,  5  00 

Valve  Gears  for  the  Steam  Engine 8vo,  2  50 

Pray's  Twenty  Years  with  the  Indicator Large  8vo,  2  50 

Pupiu  and  Osterberg's  Thermodynamics 12mo,  1  25 

Reagan's  Steam  and  Electric  Locomotives 12mo,  2  00 

ROntgen's  Thermodynamics.     (Du  Bois.) 8vo,  5  00 

Sinclair's  Locomotive  Running 12nio,  2  00 

Snow's  Steam-boiler  Practice 8vo.     {In  the prees.) 

Thurston's  Boiler  Explosions 12mo,  150 

Engine  and  Boiler  Trials 8vo.  5  00 

Manual  of  the  Steam  Engine.     Part  I.,  Structure 

and  Theory 8vo,  6  00 

Manual  of  the  Steam  Eugine.     Part  II.,   Design, 

Construction,  and  Operation 8vo,  6  00 

2  parts.  10  00 
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Thurston's  Philosophy  of  the  Steam  Engine 12mo,  $    75 

Reflection  on  the  Motive  Power  of  Heat.    (Caruot.) 

12nio,  1  50 

Stationary  Steam  Engines 12mo,  1  50 

Steam-boiler  Construction  and  Operation. ..... .8vo,  5  00 

Spnngler's  Valve  Gears 8vo,  2  50 

Weisbach's  Steam  Engine.     (Du  Bois.) 8vo,  5  00 

Whitham's  Constructive  Steam  Engineering Svo,  10  00 

Steam-engine  Design 8vo,  5  00 

Wilson's  Steam  Boilers.    (Fluther.) 12mo,  2  50 

Wood's  Thermodynamics.  Heat  Motors*  etc 8vo,  4  00 

TABLES,  WEIGHTS,  AND  MEASURES. 

For  Actuabies,  Chemists,  Engineers,  Mechanics— Metric    • 

Tables,  Etc. 

Adriance's  Laboratory  Calculations 12mb,  1  25 

Allen's  Tables  for  Iron  Analysis 8vo,  8  00 

Bixby's  Graphical  Computing  Tables Sheet,  25 

Compton*s  Logarithms 12mo,  1  50 

Crandall's  Railway  and  Earthwork  Tables 8vo,  1  50 

Egleston's  Weights  and  Measures 18mo,  75 

Fisher's  Table  of  Cubic  Yards Cardboard,  25 

Hudson's  Excavation  Tables.     Vol.  II 8vo,  1  00 

Johnson's  Stadia  and  Earthwork  Tables 8vo,  1  25 

Ludlow's  Logarithmic  and  Other  Tables.    (Bass.) 12mo,  2  00 

Totteu's  Metrology 8vo,  2  50 

VENTILATION. 

Steam  Hbatinq — House  Inspection— Mine  Ventilation. 

Baldwin's  Steam  Heating 12mo,  2  50 

Beard's  Ventilation  of  Mines 12mo,  2  50 

Carpenter's  Heating  and  Ventilating  of  Buildings 8vo,  8  00 

Gerhard's  Sanitary  House  Inspection Square  16mo,  1  00 

Mott's  llie  Air  We  Breathe,  and  Ventilation 16mo,  1  00 

Reid's  Ventilation  of  American  Dwellings 12mo,  1  50 

Wilson's  Mine  Ventilation 16mo,  1  25 

MISCELLANEOUS  PUBUCATI0N5. 

Alcott's  Gems,  Sentiment,  Language Gilt  edges,  5  00 

Bailey's  The  New  Tale  of  a  Tub 8vo,  75 

Ballard's  Solution  of  the  Pyramid  Problem 8vo,  1  50 

Barnard's  The  Metrological  System  of  the  Great  Pyramid.  .8yo,  1  50 

Davis's  ElemenU  of  Law 8vo,  3  00 
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Emmon's  Geological  Quide-book  of  the  Rocky  Mountains.  .Syo,  |1  50 

Ferrel's  Treatise  on  the  Winds 8vo,  4  00 

Haines's  Addresses  Delivered  before  the  Am.  Ry.  Assn.  ..12mo.  2  60 

Mott's  The  Fallacy  of  the  Present  Theory  of  Sound . .  8q.  16mo,  1  00 

Perkins's  Ck>mell  University Oblong4to,  1  50 

Rickett8*s  History  of  Rensselaer  Polytechnic  Institute 8vo,  8  00 

Rothorham's   The    New   Testament    Critically  Emphasized. 

12mo,  1  50 
*'             The  Emphasized  New  Test.    A  new  translation. 

Large  8vo,  2  00 

Totten's  An  Important  Question  in  Metrology 8vo,  2  50 

Whitehoiise's  Lake  Moeris Paper,  25 

*  Wiley's  Tosemite,  Alaska,  and  Yellowstone 4to,  8  00 

HEBREW  AND  CHALDEE  TEXT-BOOKS. 

.  Fob  Schools  and  Theological  Seminaries. 

Qesenius's  Hebrew  and  Chaldee  Lexicon  to  Old  Testament. 

(Tregelles.) Small  4to,  half  morocco,  5  00 

Qreen's  Elementary  Hebrew  Grammar. 12mo,  1  25 

Qiammar  of  the  Hebrew  Language  (New  Edition ).8vo,  8  00 

Hebrew  Chrestomatby 8vo,  2  00 

Letteris's   Hebrew  Bible  (Massoretic  Notes  in  English). 

8yo,  arabesque,  2  25 

MEDICAL. 

Bull's  Maternal  Management  in  Health  and  Disease 12mo,  1  00 

Hammarsten's  Physiological  Chemistry.   (Maiidel.) 8vo,  4  00 

Mott's  Composition,  Digestibility,  and  Nutritive  Value  of  Food. 

Large  mounted  chart,  1  25 

Huddiman's  Incompatibilities  in  Prescriptions 8vo,  2  00 

Steel's  Treatise  on  the  Diseases  of  the  Ox 8vo,  6  00 

Treatise  on  the  Diseases  of  the  Dpg 8vo,  8  50 

Woodhull's  Military  Hygiene 16mo,  1  50 

"Worcester's  Small  Hospitals — Establishment  and  Maintenance, 
including  Atkinson's  Suggestions  for  Hospital  Archi- 
tecture  12mo,  1  25 
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